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Sequence of Logical Thinking Operations in Mathematics among 
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Research and Training (NCERT), New Delhi. 

It is a matter of common knowledge, that ' thinking J is an essential 
commodity in day-to-day life. School subjects will have to give 
emphasis to the process of thinking. Usually thinking involves logical 
operations like observation, coding, inference, application and problem 
solving The study of mathematics should help to develop the thinking 
operations like observation, logical thinking, reasoning, invention, etc. It 
is fell that mathematics has failed to develop these thinking operations 
in school children. The. problems and illustrations given in mathematics 
textbook are not encouraging the. development of thinking abilities like 
imagination, concentration, memorization, observation, invention, 
reasoning, abstracting, analyzing, synthesizing, etc., especially among 
disadvantaged, rural children. This necessitated to study how for the 
mathematics teaching in present day schools is successful in developing 
these, logical thinking operations among disadvantaged ehildien. It may 
be pointed out here that systematic studies in this area are conspicuous 
by their absence. 'This is the context in which the present study is 
undertaken. 
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CHAPTER - I 


INTRODUCTION 

1.1 Place of Mathematics in Secondary School Curriculum 

Mathematics has played a pre-dominant role not only in tin' 
advancement of civilization in general but also in the development ot 
physical sciences and has now far wider application m othei branches 
as well, Mathematics has been an inseparable pail ol school niiriculum 
ever since tin 1 beginning of lormal ('duration and it (onliuues to be so. 
The mathematics nunc ilium has undei gone various (linages 1mm 
time to lime in accordance with the changing needs ol the snarly. 

Kothari Commission (l ( )bb) has wisely remarked that, ‘one ot 
the outstanding characteristics of scientific culiuie is quantiiicnlion. 
Mathematics therefore, assumes a prominent position in modern 
education Apart limn its role in the growth ol the physical sciences, 
it is now playing an increasingly imporlani part in the development of 
the biological sciences The advent of automation and cybernetics m 
this country marks the beginning of the new scientific - industrial 
revolution and makes it all the more imperative to devote special 
attention to the study of mathematics, Proper foundations in the 
knowledge of the subject should be laid at school', (IEC, 1966) 

Realizing the need of the social necessities, Education 
Commission set up in 1964 recommended that Mathematics should 
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be taught as a compulsory subject of general education up to Class X. 
Provision of differential courses and additional or elective courses, 
defeats the philosophy and purposes of general education and there 
could be just one course in Mathematics for all Only international 
numerals (Hindu-Arabic numerals) symbols, conventions should be 
used right from Class I onwards Since general ('ducation envisages 
Mathematics for all, the selection of content should he relevant to ilu* 
practical needs of everyday life. The load of Mathematics curriculum 
should he realistic While designing the curriculum lor the ptimary 
level, ihr existence of a large numbei ot single lenrhei schools, high 
dropout rale, unfavourable socio-economic conditions ol a ma|oi 
segmenl of society, etc,, should be kepi in view 

The value or usefulness of bringing in caleiilators/computers 
into the Mathematics education system is recognized. However, many 
of the mathematicians art' of Ihc view that due to unsatisfactory sot 10 
economic conditions of a vast majority of population, making the use 
of calculators compulsory or even optional is not desirable. On the 
other hand, many feel that the use of calculator after a certain stage 
up to which students are familiar with the process of multiplication, 
division, addition and subtraction and use of computer should be 
allowed as it helps in doing the problem quickly and provides more 
time for them to learn. However, by and large, it is agreed that 
training in the use of calculators and other mathematical apparatus is 
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desirable and should be imparted to all al a convenient point of school 
education. 

The place, of mathematics in secondary schools cannot he 
undermined It has to play its own part in shaping the futuie 
generation of the country. India after independence is stiiving hard to 
improve herself into all her commitments who I ever may be the spline 
Only individual and technological developments will extend its helping 
hand m making India an advanced eounliy. To achieve this 

development the knowledge of mathematics is essential. I lie 

proficiency m mathematics complements to the pmlieiemv m seirni r 
knowledge. Tin* future of India should be shaped only in the Indian 
classrooms. In order to make 1 Indians better citizens, sernndaiy 
school curriculum should be. so lbrmulaled that proper importance be 
given to mathematics 

Mathematics is veiy uselul sub|ecl for most vocations and 
highei specialized courses ol learning Hut everybody v\ ho is studying, 
it in the school is not going to be an accountant, engineer or 
statistician, But at such an early stage of education it is difficult to 
know who is going to be an engineer or banker. Psychologists, 
however, have shown that it is possible at this stage to determine 
what student could be in later life. Therefore the duty of the school is 
to give to the high school student a broad view of what he is capable of 
achieving in future. He should get a broad course to be able to choose 
a suitable line out of that. Regarding this point Bajpai (1972) opines 
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that ‘secondary education is the backbone of university education. At 
the primary and secondary stage, the greatest impact ol tin' present 
changes will be felt The future development ol the country depends 
on mathematical knowledge that is gained in the primary and 
secondary education. If the individual understands each and every 
step in this stage he feels happy and gels success In view ol the 
above facts it is not merely necessary but it is urgent to discuss what 
developments are desitable and means by which flicv can lie a< hievecl 
at the secondary level’ (pp 33-40). 

In 1032, fixes nine Hoard of the Pi ogi essn e Kdmation 
Association (Amenea) established the Commission ot Seioudaiy 
School Curriculum This Commission subsequently established 
several committees to explore the respective eontiillations ol vunous 
subject fields to general (’duration til the secondary level; among them 
was the committee on the function of mat hemal irs m general 
education This committee Imally submilled its irpmt in tout parts. 
The first of these presents the educational philosophy, which guided 
the committee in the iorniulalion of the report, central in this 
philosophy being the premise that mathematics in order to justify its 
place m the secondary school curriculum, must contribute to the 
satisfaction of the needs of the students. These needs are enumerated 
in terms of the following four basic aspects of living ; 

i. Personal living, 

ii. Immediate personal-social relationships, 
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ui Social civic relationships, and 

iv Economic relationships. 

This part of the report closes with discussion of the role of 
mathematics in satisfying the needs of people with respect to these 
four aspects of living 

Mathematics docs help in training and disciplining tin* inmd, It 
develops the power of thinking and masoning and gives mental 
exercises best fitted for strengthening the larulltes nt the mind. 
Although the opportunities of such exeieises may also he given m the 
studying ol other subjects, hut mathemnti< s enjoys a unique position 
m this respect, Young remaiks ‘Mathematics is the only suli|e< I that 
encourages and develops logical thinking II enables the student in 
determine between essentials and non essentials’. Mreatl and butter 
value of the subject mathematics ran hardly he denied Directly or 
indnectly mathematics does not only help everybody in ruining hut it 
helps in wise spending. 

Mathematics is a social study because it has been developed to 
serve the personal and social needs of human kind. Mathematics is 
also a language in which carefully defined language, and concise 
symbol representation are used. Mathematics is an integral part of 
aesthetic art because it is concerned with symmetry of form and order. 
Mathematics is a recreational study because it is used in may 
recreational pursuits and because people find pleasure and relaxation 
in delving into its content (Spencer, 1996). 
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This importance of mathematics in secondary school 
curriculum, at present has been considered and widely accepted as a 
subject that enables the child to develop rational and logical thinking, 
understanding of the percepts and concepts. The. value and 
importance of mathematical ability has greatly increased so mu< h that 
every man and woman of liberal education is expected to understand 
the use of quantitative data in the solution of social problems and use 
of mathematics in daily life. 

Keeping all these points in mind, the Indian education 
Commission (19bb) remarked that, ‘Science mill Mathematic s should 
hi; taught on a compulsory basis to all pupils as a part ot general 
education during the first ten years ol schooling In addition, there 
should be provision of special courses in these subjects at the 
secondary stage, for the students of more than aveiage ability’ 
(IKC, 19bb) 

National Policy on lCducalam (19H(>) remarked that, 
‘Mathematics should be visualized as the vehicle to train a child to 
think, reason, analyze and to articulate logically. Apart from being a 
specific subject, it should be treated as a concomitant to any subject 
involving analysis and reasoning’ (NPE, 198C.). 

With the recent introduction of computers in schools, 
educational competency and the emergence of learning through the 
understanding of cause-effect relationships and the interplay of 
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This importance of mat hemal ics in secondary school 
curriculum, at present has been considered and widely accepted as a 
subject that enables the child to develop rational and logical thinking, 
understanding of the percepts and concepts. The value and 
importance of mathematical ability has greatly ineieased so much that 
every man and woman of liberal education is expected to understand 
the use of quantitative data in the solution ol social problems and use 
of mathematics in daily life 

Keeping all these points in mind, the Indian Kdmalion 
Commission (1966) remarked that, ‘Sumer mid Mathematics should 
be taught on a compulsory basis to all pupils as a pail ol genrial 
education during the first ten years of schooling, In addition, time 
should be provision of special couises in these subjects at the 
secondary stage, for the students ol more than nveiage ability' 
(1KC, 1966) 

National Policy on Education (19K6) remarked that, 
‘Mathematics should be visualized as the vehicle to train a child to 
think, reason, analyze and to articulate logically. Apart from being a 
specific subject, it should be treated as a concomitant to any subject 
involving analysis and reasoning’ (NPE, 1986.). 

With the recent introduction of computers in schools, 
educational competency and the emergence of learning through the 
understanding of cause-effect relationships and the interplay of 




7 


variables, the teaching of mathematics will be suitably redesigned to 
bring it in line with modern technological devices’ (NPR, 1986), 

1.2 Aims and Objectives of Teaching Secondary School 
Mathematics 

1.2.1 Aims of Teaching Mathematics 

Universally recognized aims or large purposes of teaching 
mathematics in secondary schools are as follows ■ 

i. To give the individual an understanding of ideas 
and operations in number and in quantity needed 
m daily lite by the citizens ol our eounliy as 
individuals; 

ii. To develop in the individual an awareness of the 
mathematical principles and operations which will 
enable Lhe individual to understand and participate 
in the. general, social, and economic life of tin* 
community; 

lii To provide through mathematical ideas, aesthetic 
and intellectual enjoyment and satisfaction and to 
give an opportunity for creative expre»ssion; 

iv To provide the basis of mathematical skills and 
processes which will be needed for vocational 
purpose; and 

v To help the child to develop mathematical skills and 
attitudes to meet the demands of (a) daily life, and 
(b) future mathematical work in the related field of 
knowledge. 
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1.2.2 Objectives of Teaching Mathematics 

The following are the objectives to bo achieved by the teaching of 
mathematics at the secondary stage*, as presented in the guidelines 
and syllabi for secondary stage, (NCRRT, 1988). 

The teaching-learning process of mathematics should enable the 
child . 

i to consolidate the mathematical knowledge and 
skills acquired at the upper primary stage; 

n. to acquire knowledge and understanding oi the 
terms, symbols, concepts, pnnciplcs, processes, 
proofs, etc,; 

iii. to develop mastery ol basic algehiaic skills, 

iv. to develop drawing skills; 

v. to apply mathematical knowledge and skills to solve 
real mathematical problems by developing abilities 
to analyze, to see inter relationship involved, to 
think and reason; 

vi. to develop the ability to articulate logically; 

vii. to develop skill in the use of mathematical tables for 
problem-solving; 

viii. to develop ability to write, interpret algorithms for 
problem-solving; 
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Mathematics and on the other, Mathematics helps m impin', mg 
technological devices. What should he the stiurture nl m.dhrm.dK s 
up to 10 years of general education? What type ut niafhem.au s 
should be taught? It goes wit limit saving, that malhrmuP* .d 
reasoning demands higher mental ability. Kxperiem rs haw sI m-au 
that the majority of students normallv tail in MathcmatK s at the »"t,d 
of Class X. This frustiates not onlv students hut .dvi "im;: 

parents. Many educationists feel that Matheniatu s shnuM he 
compulsory only up to Class VIII, while some otheis upme »h.<* shf ’*■ 
should he two types of Matheuiatn s (muses at Seiimd-e*. }r-.r[ .on; 
Senior secondary level. These* courses should hr need bm.> d V 
Secondary level, there should he one couisr Im those* who will pm vm 
Mathematics as their future caieer and anolhei couisr tor those im 
whom Class X will lie a terminal stage. As such the impmhmf issue a, 
what sort of mathematical skills and competency me icquuet! up *o 
ten years of Mathematics ICdueation, 

Mathematics in some of the Slates has been made upturn.h 
Unfortunately, in some places in lieu of mathematics student 
especially girls offer Home Science. There is a strong feeling that 
Mathematics up to ten years of school should be functional and 
should not be loaded with Commercial Mathematics and Hanking 
Mathematics learning is badly affected due to the problem of the 
language in which books tire written/developed. Concepts not 
properly communicated through the language of the textbooks or 
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content not properly understood by students creates problem While 
considering the compatibility of our Mathematics courses up to ten 
years of general education, some people strongly feel that topics of 
international importance may also be included in Mathematics, but 
these may not be made compulsory for all. 

Like in Science, the concept of a Mathematics Laboratory has 
emerged as a new dimension and especially so in the urban schools. 
Activity-based Mathematics at school level is going to promote 
learning of Mathematics in a big way, The opinion across the teaching 
community and parents is that there is lot ol wastage due to failure in 
Mathematics at secondary level, because the present content in 
Mathematics is not very relevant 1o (ho students’ needs who would 
like to terminate their education at the secondary level itself. 

In many schools, in absence of qualified teachers, non- 
mathematic teachers arc leaching Mathematics, The basic question 
that we need to address ourselves for any futuristic concern is 
whether Mathematics Education can be left to the change of non¬ 
mathematics person, knowing well that maximum failure takes place 
in Mathematics. In order to reduce failure, this situation may have to 
be readdressed. 

The use of calculators in Mathematics learning is yet another 
issue that needs to be debated. Mathematicians strongly feel that at 
the initial stages of school education, i.e., up to Grade VI or so there 
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should be no use of calculators. However, as soon as they reach Class 
VII they should be allowed to use calculators avS by that time the basic 
principles of additions, subtraction, division and multiplication are 
clear to them. 

1.4 Modern Mathematics Programmes in Indian Schools 

The new mathematical programmes vaiy widely in their 
approach and implementation in different States of India. But all the 
programmes in different States lay stress upon the unifying themes or 
ideas in Mathematics, such as, pattern and structure, system of 
numeration, development of real numbers, set language, introduction 
of set notations, symbols for operations, matrices and their 
application to geometrical transformation, simple probability and 
statistics. 

Generally speaking significant changes have affected our school 
mathematics programme, Firstly, the traditional courses of too much 
compartmentalization of arithmetic, algebra and geometry are 
substituted by new courses with emphasis on the basic mathematical 
structures, which have common underlying principles and properties. 
Memorization of number of facts has been replaced by reasoning and 
discovery of the principles involved in the commutative, associative 
and distributive laws of Mathematics. Hence, the emphasis in 
arithmetic is on the properties of number and the operations. Some 
simple algebraic ideas, mathematical sentences, equations, symbols 
etc., are introduced in the early stage of schooling. The ideas of space, 
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point, line and plane and well-defined unit of measurement have come 
at the elementary level itself. The set language and other number 
bases are used to give an idea of abstract structure of mathematics. 

The second change is the use of qualitative vocabulary. In 
arithmetic, for example, there are such new terms and the concepts 
they embody as the sets, mapping or matching, numeral as distinct 
from number, one to one correspondence order, base operations and 
so on. In geometry the meaning and use of ideas implicit in the words 
like point, set of points, line, segment, ray, half plane and so on are 
developed. 


The third change is that of understanding the. why of 
computational operations, instead of how of using numbers 
mechanically in a memorized sequence of steps. In new mathematics 
programme, a student is required to learn that every bit of 
manipulation, which he does, has a reason, Considerable use is made 
of deductive reasoning and proof, and basic laws of logic are developed 
and used, 

The fourth change is that the responsibility of learning is left to 
the child. The discovery method is utilized wherever appropriate. The 
student is led to make and test conjectures of his own and formulate 
some principles and procedures for himself, By exposure to different 
ways of approaching tasks, the students are encouraged to make their 
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own mathematics discoveries to develop mathematical insight, and to 
acquire an understanding of many mathematical ideas 

1.5 Present Position of Teaching Mathematics 

Despite the importance of mathematics, not sufficient attention 
is paid to teaching and learning of mathematics. For instance, in the 
words of Aiyengar (1973), “the amount of mathematics that Madras 
matriculate is expected to know is not as much as what a boy in 
elementary school in England or a boy of junior high school in 
America actually learns”. The situation is not dilferent in the case of 
(caching of mathematics at the secondary school level in other parts of 
India. Pupils generally show distaste or aversion towards mathematics. 
Aiyengar points out that students consider mathematics as ‘a bug 
bare’. Mathematics is considered as a difficult subject requiring 
special aptitude and higher level of intelligence, which is not always 
true. Only average level of mental ability is required for learning 
mathematics, which is a prerequisite for learning any subject We can 
trace a number of reasons for the unfavourable attitudes towards 
mathematics on the part of pupils. Aiyengar has succinctly described 
some of the reasons as follows: 

i. Difficulty The view that mathematics is difficult subject 
is ill-founded because in mathematics the premises are 
obvious and the reasoning is simple. It is only in 
mathematics they can solve problems by applying the 
principles learned. In other subjects it is comparatively 
more difficult to arrive at definite and concrete 




15 


conclusions. Unlike in other subjects, rote learning does 
not help in mathematics; on the other hand, the students 
tire to think for themselves. Only the dull pupil who arc 
deficient in thinking and pupils who are left out in the 
present day mode of instructions find mathematics 
difficult. 

li. Sequencing nature of the subject . Mathematics consists 
of a set of principles and patterns in a number system 
each of which is organized just as the arrangement of 
bricks one over the other in building a wall. The 
implications of this hierarchical organization is that a 
student can grasp mathematical facts at a particular level 
and find learning interesting and meaningful only if he 
has adequate understanding of mathematical knowledge 
at the lower levels. In other words, a good foundation or 
background or footing in mathematics is required for 
learning higher mathematics Weakness in the 
knowledge of mathematics at one level of learning will 
carry over to other levels, with the result; the students 
lost' interest m mathematics unless those ■weaknesses are 
remedied. Lapses at earlier stages cannot be. fully 
corrected at later stages. So what is required is that right 
learning should take place at all levels which is possible 
when the student learns mathematics through 
understanding rather than by solving the problems 
mechanically, memorizing mathematical symbols and 
formulae. Ineffective teaching or wrong approaches to 
teaching mathematics can score away even the so-called 
'brilliant’ students or those who have required abilities, 
aptitude and initial enthusiasm. The real danger lies in 
making the pupils to solve the problems mechanically by 
using set norms and formulae rather than encouraging 
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them to think through the problems and come out with 
the solutions. There is a stereotypic view that the 
mathematics is a Lough subject and requires superior 
intelligence, which infact is a ‘myth’. This notion get 
circulated on from people to people making their beliefs 
stronger, this in turn demotivates them in pursuing 
studies in mathematics. 

1.6 Achievement of Indian Secondary School Pupils in 
Mathematics 

The broad objective of a national level survey report (NCFRT) 
was to find out the achievement of pupils in mathematics at three 
levels of education - primary, middle, high school, all over India 
except Bihar and Tamilnadu. For this purpose 1 5,000 schools at each 
level were given the tests. The results revealed that the national 
performance was quite below the desired level. On the objective 
dimension items involving applications of concepts proved difficult. 
Similarly was the case with items that involved more reasoning rather 
than role knowledge. In most of the State.s, items on objectives 
application and logical reasoning were comparatively difficult than 
those on the objective knowledge and skill. Comparing the average 
difficulty values of the items according to objective seemed to be 
application followed by logical reasoning, knowledge and skill. This 
trend appeared in most of the States. The students had failed badly 
on application of knowledge to new situations, logical reasoning, 
evaluation, synthesis and so on (Kulkarni and Mohanlal, 1970), 
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Patel (1984), among other things, discovered that the pupils 
possessing high reasoning ability were found (o be boiler in 
mathematical ability than those with low reasoning ability (Patel, 
1988, pp. 704-705) 

1.7 Theoretical Framework for Thinking Skills 

This part of the study presents the meaning and nature of 
thinking skills, importance of thinking skills, and importance of 
teaching for thinking. Theoretical framework for thinking skills 
introduces the reader to the present status of thinking skills among 
the. pupils and also in the curriculum and thr latest development m 
(caching for thinking skills as a theoretical background for this 
research study. 

1.7.1 Meaning and Nature of Thinking Skills 

Thinking is a world of metaphors and myths, The brain is often 
portrayed as a “private spare” by earlier philosophers the so called 
Cartesian myth which Ryle describes as follows; the working of one 
mind arc not witnessable by other observers; its career is private. 
Only one can take direct cognizance of the states and processes of 
one’s own mind. A person . . . lives through two histories, one 
consisting of what happens in and to his body, the other consisting of 
what happens in and to his mind. Websters’s twentieth century 
dictionary defines as : 
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“to bring the intellectual faculties into play, to use the mind 
for arriving at conclusions, making decisions, drawing 
inferences”, etc , 


“to perform any mental opcralion to reason”, 

“to purpose, to intend, as I thought to help him”; 

“to judge, to conclude, to decide to hold as a settled opinion, 
to behave, as to think nobly of a person"; 


“to muse, to meditate, to relied, to weigh something 
mentally”. 


Rath (1907) has put forward a number of concepts after a long 
research on “Teaching for Thinking”. lie evolved a theory and also the 
applications of his theory. Many examples of our behaviour are 
indicative both of thought and lack of thought. With respect to the 
latter, we emphasize eight rather common behavioural syndromes as 
associated with a habitual disregard for thinking processes. They are, 
impulsiveness, over dependence upon the teacher, dogmatic, assertive 
behaviour of the teacher, extreme lack of confidence among pupils, 
inability to concentrate, rigidity and inflexibility, missing Lhe meaning 
and resistance to thinking. 


“Thinking skills” is a way of looking at the problem. According 
to Nisbet (1993) and McGuinnes (1999), 'thinking' means the process 
of cognition, knowing, remembering, perceiving and attending. Skill 
means the act of collecting and sorting information, analyzing, 
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drawing conclusion, brainstorming, problem-solving, evaluating 
options, planning, monitoring, decision-making and reflecting. 

Nickerson (1988), McGuinnes (1999) points out that different 
researchers have produced different taxonomies of thinking. Most 
include some or all of the following collecting information, sorting 
information, analyzing information, drawing conclusion from the 
information, ‘brain storming’ new ideas, problem-solving, determining 
cause and effect, evaluating options, planning and setting goals, 
monitoring progress, decision making and reflecting on one’s own 
progress. 

All are based upon the assumption that thinking (cognition) 
goes beyond the acquisition of knowledge (i.e,, Kyle’s ‘knowing that’) 
and include the proccss(es) of knowing about thinking (meta 
cognition) i.e., being able to reflect on the processes by which learners 
process i n lb rm at io n. 

According to Jieyer (1989), thinking skills aie the activities 
applied to a specific learning task, the building blocks of thinking. 
According to him, thinking skills are the pre-requisites of higher order 
performance. 

1.7.2 Thinking Operations in Mathematics 

The study of mathematics helps us in the development of 
thinking operations like observation, coding, interpretation, inference, 
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analysis, synthesis, generalization, originality, discoveiy, application, 
problem-solving, comparing, clarifying, etc. 

Some of the main thinking operations identified here are : 
Observation: 

Information acquired through senses is called 'observation'. 
Senses are the first and most basic mechanism for gathering 
information and observation depends on the sense data If is the 
process of determining the likeness and differences in single objects 
that vary in their physical characteristics as detectable by any of the 
senses. Observation is something, which the students perform at 
regular intervals, rather than something, which the. teacher does for 
the students. 

I3y observing the graph one may be able to locate the points. 
Also through observation identification of different types of angles, 
prisms, pyramids and other geometrical figures are possible. This 
operation leads to comparison, classification, inferences, etc. 

Coding: 

Mathematics is unique for its language and symbolism. So its 
study can be made easy through the operation of coding. Coding 
focus on increasing of the students’ awareness of the relationship 
between thinking and writing. For example, instead of saying that the 
square of the sum of two terms is equal to the sum of the square of 
the first term, square of the second term and double the product of 
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the terms, we cam simply write (a+b) 2 = a 2 +b 2 +2ab. Coding is the 
operation of thinking which helps to assign symbols for objects and 
ideas. Some of the important symbols arc : greater than(>); less than 
(<); angle (/.); parallel lines (| |); congruence similar (~), etc. 

Inference and Interpretation: 

The operation of interpreting is concerned with the inferences 
and generalizations, which may be drawn from observation. 
Interpreting is to add meaning, to read between the lines, to fill in 
gaps, and to extend on given material within the limits of that 
mat ('.rial. To interpret is to understand and report, numerical, 
pictorial, graphic, etc. 

Inferences are statements that are based upon observation but 
include more than observation themselves. They go beyond 
information and are extensions of observations and serve, to 
summarize, explain or make predictions. It is an ability to make 
judgments about the non-observable properties of an object or event. 

For example, to find the relationship between the number of 
sides of a polygon and the sum of its angles. For a triangle, sum of 
the angles is 180° for a quadrilateral it is 360°, for a pentagon it is 
540°. From this the child draws the inference that sum of the angles 
in a polygon is (n-2) 180 when f n J is the side of the polygon. 


Application: 
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Application is the ability to apply facts and principles in 
situations, which are new to us, We have learned in one context and 
we are now being tested to see if we can make use of what we have 
learned in anothcr-contcxt. This involves seeing relationships, 
noticing what “belongs together” in this new context, discriminating 
what is relevant from what is irrelevant. 

Something a situation is described, and a student is asked to 
predict what will happen in the given circumstances and what is the 
reason. It requires thought seeing the relevance of principles in a new 
situation. 


For example, a data is given as follows: Container ‘X’ is 2 
inches long, 4 inches wide, 3 inches deep. Container T is 3 inches 
long, 4 inches wide and 2 inches deep. Students are asked to 
determine which of the two containers is the larger Here they have to 
apply the knowledge about volume and the tormula for calculating the 
volume. 

Problem-solving: 

In the operation problem-solving, students are given practice in 
collecting and organizing data. It involves, the activities like sensing 
the problem, analyzing the situation, organizing information, forming 
solutions, elimination and verification (Raths, et al 1967). 


Some problems require application of principles. Sometimes the 
solution itself is presented and there is an attempt to see how it was 
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arrived at. For example, the sum and difference of two numbers are 
20 and 15 respectively find the numbers. This problem will motivate 
the students to review the solution of simultaneous equations in two 
variables. 

The thinking operations, especially the solving of an original 
problem m mathematics, results in the enjoyment of the child The 
feeling of mastery, the feeling of self-confidence that one enjoys after 
the discovery of the solution of a difficult, problem is both moral and 
an intellectual quality extremely desirable from the point of view of 
training the pupils to think. It is an incentive for further thinking. If 
we shut out pupils from mathematics we prevent them from exercising 
their native impulse to think and enjoy successful thinking. It will 
result in mental apathy, It will encourage pupils to depend more 
upon authority and tradition than on their own thinking. 

Comparing: 

It is the simplest way for a teacher to stimulate thinking, To 
ask the students, to compare things to discern likeness and 
differences. Discernment may be understood as the acquisition of 
standards, which in turn results from exposure and exploration. As 
opportunities for comparison are increased, the bases for judgment 
are broadened. (Raths, et al 1967), Examples are comparison of 
different number systems, different types of graphs, geometrical 
figures, etc. 
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Classification• 

It can be conceived as an extension of comparing in which one 
looks for similarities and differences. When enough similarities are 
found, grouping is possible. Grouping themselves may be compared 
and pul into even larger systems. Through this operation students 
will learn that grouping is possible on several levels with varying 
degrees of precision. For example, a set of number can be classified 
into different ways like, natural numbers, integers, even or odd 
numbers, prime and nonpnmc, cardinal and ordinal, rational and 
irrational, etc. 

Imagining and Creating• 

This operation includes the activities like guessing, intuiting, 
creating. Imagining and creating activities, be an extension of an 
existing curriculum an adaptation of present subject matter to 
accommodate a shift in emphasis. For example, using one of the art 
forms express a formula, rules or law in science and mathematics. 
Find some analogies, which will illustrate a particular concept in 
mathematics or in any other subject. 

Summarizing: 

Summarizing is more than putting together a series of steps, or 
recounting and reporting what has taken place. It is to discern and to 
evaluate what is significant and what is insignificant 
(Raths, etal. 1967), 
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Titling, inventing captions, organizing data air forms of 
summarizing. For example, a picture, diagram, chart or graph is 
displayed and children asked to solicit the titles. Also, students may 
he working on a problem or attempting to apply principles to new 
situations. After they have concluded, work on the problem, they 
summarize the senes of steps that they have taken towards the 
solution, 

1.7,3 Importance of Thinking Skills 

Most complies ate eunentlv r oneerned with raising educational 
slanckuds throughout the compulsory school years. But it is also 
argued as the UKC'l) (Maclure and Davis, BWT) points out, that the 
minimal requirement of si booling, i.r., mastery ol the 'basics' (reading, 
writing, mathematics, science) however excellently taught, art* not 
suiheient to meet the demand ot the labour market and active 
citizenship. It is now recognized that a broader range of 
competencies, redefined as 'higher order’ thinking skills, is required 
because ■ 


- The 'hanking tlmmy’ of knowledge based upon rote 
learning, has been discredited as it is recognized that 
individual cannot 'stoic' suhieienl knowledge in their 
memories for future use. 

- Information is expanding at such a rate, that individual 
require transferable skills to allow them to address 
different problems in different contexts at different times 
throughout their life. 

- The complexity of modern job requires staff who 
demonstrate comprehension and judgment as 
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participants in the generation of new knowledge of 
processes. 

Modern society assumes active, citizenship, which 
requires individuals to assimilate information from 
multiple sources, determine its veracity and make 
judgment. 

Collectively, 1he.se present, a new challenge to develop 
educational programmes that assume that all individuals, 
not just an elite, can become competent thinkers because 
these competencies are now required for all. The 
cognitive approach suggests that learners must develop 
an awareness of themselves as thinkers and learners and 
practice tin* approaches and strategics for effective 
thinking. 

People sec value for both learners and teachers in developing 
thinking skills and they believe that the process would help 
children/young people in various ways: thinking skills help learners 
to consider issues from others point of view, value other people's 
opinions, respect others, recognize (inferences, be 1 motivated to learn 
and enjoy learning, raise their eonliclence/self esteem liberate, their 
thinking from constraints of always looking for correct answers to 
problems, recognize the importance of team work, be more aware of 
how they prefer to learn, prepare for life after school and for 
citizenship. While the benefits for teachers include: helping them to 
recognize different learning styles and reflect more on teaching and 
learning, increasing their own motivation, making teaching more on 
teaching and learning, increasing their own motivation, making 
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teaching more exciting and engaging, cutting down on discipline, 
problems because, children enjoy the activities raising teachers’ self¬ 
esteem because, it is obvious pupils are enjoying learning. 

1.7.4 Teaching for Thinking 

Can thinking skills be taught? All human beings except those 
who have sustained specific injury or suffer from certain disabilities 
demonstrate that they can think. Though this question overwhelm 
many people, however, many qualified their support by pointing out 
the need to embed specific appioaehrs within an overall teaching and 
learning strategy at school level. Many believed that thinking skills 
were already implicit m the curriculum and that many teachers were 
teaching them within different curriculum areas. People did, however, 
recognize that it was difficult to distinguish between benefits from 
teaching thinking skills and those, which resulted from teachers’ 
personal enthusiasm to motivate children. 

Thinking skills cannot be divorced from the development of 
positive values and attributes, 

- Effective learning has a social dimension learning from 
and with others. 

- Effective learners need motivation, confidence, resilience, 
concentration, stamina and they will to keep on learning. 

- The effects of learning arguably should benefit nol only 
the learners but can be applied to allow participation as 




citizens for the greater good socially, politically, 
e c o n o m i c a 1 ly, c u 11 u r a 11 y. 

Thinking skills will not provide these features. They may 
facilitate, but will not necessarily ensure important ingredients of 
education such as initiative, enterprise, flair, imagination, and 
creativity. The approaches adopted by Nisbet (1993) and McGuinness 
(1999) are specifically designed programmes infused across the 
curriculum embedded in a particular subject. Both are problematic, If 
teachers choose to use one of the many commercially produced 
specific thinking skills programmes, then they very quickly encounter 
difficulties of transference. I low can they ensure that their 
pupils/students can apply skills learnt in one context to other 
situations? Alternatively, if teaching for thinking is embedded in a 
particular curriculum area, there is no guarantee that learners can 
isolate it from its context and apply it more generally to other 
situations. This is a dilemma, which we need to explore today. 

Thinking and learning arc essentially social. Any attempt to 
reduce them to a set of specific teachable skills who would run the 
risk of artificially focusing on one fragment of a holistic process; this 
would not he conducive to effective learning. Teaching thinking skills 
remained an issue to be resolved although most thought that it was 
possible to teach thinking skills. A few notes of caution were 
sounded. These included the need: 




- to distinguish between teaching thinking skills and 
learning thinking skills. People believe that although they 
could teach thinking skills, there was inadequate 
evidence to show that children had actually learnt them. 

- to bear in mind individual learning techniques when 
determining teaching approaches, even for thinking skills. 

to remember that using computers which may provide 
initial support for teaching thinking skills should he 
accompanied by opportunities for pupils to apply the 
techniques learnt and demonstrate their transference to 
other areas. 

The view that thinking cannot be taught directly is now 
beginning to change as experience and research showed that thinking 
skills can be laugh! directly. Accordingly Rath's ct ai (1967) 
emphasized that opportunities to think contributes to the process of 
developing thoughtful inquiry. They define thinking skills, in the form 
of comparison, classification, observation, coding, interpretation, 
summarization, and application of facts provides favourable situations 
for elicit thinking of the participants. The mosl significant hypothesis 
derived from their theory suggests that as students engage in these 
thinking skills regularly and consistently, the behaviours indicative of 
immaturity tend to decline. 

1.8 Need for Development of Thinking Skills 

Thinking takes place in the form of images, concepts, signs and 
symbols, language, muscle activity and over all it is important 
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function of the brain, of all different kinds of thinking, i.e., concrete 
thinking, abstract thinking, reflective thinking and creative thinking. 
One does not slop to think. The second illustration is reflected in the 
characterization that a student does not concentrate, at some moment 
in time he is not paying attention to what he is doing and hence meets 
failure in his work. It, i$ commonly assumed that this is a neglect of 
rigour in the thinking processes. Where (here is an emphasis upon 
thinking in the curriculum students tends to modify their behaviour, 
where there is frequent oppm(unity to engage in a great variely ol 
processes, which involve thinking the Irequcncy ol impulsive 
behaviour, tends to decline. It is important to note that we are not 
suggesting that teachers can or should teach children how to think, 
There is no “one way’ 1 of thinking; we tend to assume that in the 
normal population of the human family the capacity to think and the 
opportunities to discuss the thinking, which is done. Inconsistency 
and incompleteness of thoughts or limited experience with thinking is 
often reflected in certain kinds of human behaviour, which can he 
observed in the classroom. Here the thinking is defined, in terms of 
its ability to explain the behaviour in question. 

Children with certain thinking related characteristics may be 
identified. These children may be given many opportunities over a 
period of one semester to think and then on assessment of their 
behaviour can be carried out a second time. Is it reasonable to 
support that if we are given many opportunities to think we might 
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become different m our behaviour? There is substantial agreement 
that an emphasis upon thinking activities will encourage thinking and 
result in a decrease in what may he termed “immature” behaviour. A 
theory that is worth its salt tends to grow out of observed facts. This 
theory has developed from classroom observation from tong years to 
work with teachers and from experimental evidence. 

Th(‘ thinking skills represent activities, which involve many 
kinds ol thinking. We are emphasizing opportunities to think and 
opportunities to share our thinking as inquiry is carried forward in 
terms of purposes important to these situations. The thinking skills 
('an be used to develop habits of thoughtful inquiry. Are we conc erned 
purely with intellectual processes? We believe that ('motional security 
is very important and a necessary condition in the learning processes 
associated with school life. The weaning processes carried on in early 
childhood can explain not all behaviour. We. know that thinking 
enters into many fac ts of hie that man is not compartmentalized that 
thinking must be thought ol in its relationship to values and that 
values must be looked at in terms of consequences. Young children 
are not been given many opportunities to think in schools. Children 
have great capacities for thinking and if thinking is stressed in our 
schools, there will be increased tendency to use thinking skills in the 
solutions of many life problems. 

Almost all the subjects in the present curriculum give emphasis 
to the process of thinking. Thinking is no doubt an essential 
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commodity for all of us. Fostering thinking skills has always been the 
prime objective of formal education, a basic aim of teaching and 
learning in all discipline. Kvery education system in the world will 
tend to claim that it already fosters thinking skills. The term thinking 
embraces a wide range of cerebral activities. It involves problem¬ 
solving, decision making, logical reasoning, critical thinking, reflective 
thinking, inferential thinking, and even creative thinking (Nickerson, 
1088) It rotors to a range ot skills such as choice making, deliberate 
planning,, llexibilitv, looking into alternatives, solving, pioblems 
systematically, taking initiative, reducing unpulsivitv, pelsistenee, 
considering others points of view, suppot ling conclusion with evidence, 
risk taking, meta cognition, empathy and so on. These skills are 
considered essential to make' the host use of existing knowledge and to 
gain further knowledge and facilitate learning to learn. 

The lack of emphasis on thinking in a system is associated with 
the work and attention that are involved. Where thinking is stressed, 
the teacher must necessarily supplement the existing texts by 
exercises, which call for thinking. If children are allowed to think, 
indeed are encouraged to think, perhaps they will think something 
that they can’t. It also suggests that day-by-day we are zealous in our 
efforts to create a free society. It may also imply that we are afraid to 
face up to the consequences of thinking. Our neglect of thinking 
processes in our schools may be associated with a lack of skill and 
appreciation on the part of teachers. If teachers are not well prepared 
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by their own education to put an emphasis on thinking, one can 
understand the neglect of thinking skills in the lives of the school 
children. 

Thinking has to he necessarily personal and creative. It cannot 
be recreative and i(“productive As Dewey has said so well, thoughts 
and ideas cannol possibly be conveyed lrom one mind to another, only 
facts can be tinnsfened For teachers to provide opporlunities for 
thinking would be to advance citizenship education. What is needed 
are many examples at the grass root level. It' thinking prn< esses ate to 
be nurtured, an nwateness ot attitudes and tactics, which inhibit 
thought, on tlu* one hand and on the other, those which promote 
thought need to he developed 

In the textbooks the materials are, made available in a ready¬ 
made form, whir'll goes against thinking. These books do not lay 
stress on understanding with the present day method of teaching and 
criteria of judgment of piogiess. The pupils form misleading notice's 
about their intelligence. This will result in a lack of confidence, 
nervousness and confusion, which hinders the mental abilities, such 
as, power of thinking and concentration, and get disgusted to study 
and to do routine work in the school. 

The need for emphasizing thinking in the schools and colleges is 
felt, because there, is a gradual shift in the focus of education from 
learning to thinking. Children have to think for themselves, not only 
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to learn what has been taught but also to make good judgments 
Since acquiring thinking skills and habits is generally believed to be 
learned over a long period of time, it would logically follow that 


lai program as 


enhances the quality of education that the child receives in school. 
Thinking has to be developed in earlier age of child when: teacher play 
a very important role. School provides an environment, wlueli can 
taster thinking skills in the pupils, 


In the twenty lirst century, we want citizens who tan think and 
make verbal decisions, which will tie useful in I lit 1 lilt* for a good 
democratic society We want our children to think, relied upon their 
thinking, think upon what they are thinking, and think independently 
to develop intellectual humility and suspended judgment, develop 
intellectual courage, good faith and apply the, knowledge precisely. 
Without thinking, people would he more easily exploited not only 
politically but also economically. 




CHAFI'KR - II 


REVIEW OF RELATED LITERATURE 

In order to build a better perspective of the study the books, 
research journals, handbooks on surveys, theses, abstracts, 
encyc lopedia, internet are reviewed and presented in Ibis chapter. 

The losearch studies related to the present study are presented 
under the following headings : 

- SI tidies related to thinking operations in mathematics; 

- Studies related to factors affecting thinking operations 
in mathematics; 

- Studies related to gender; 

- Studies related to social status; 

- Studies related to attitude towards mathematics; and 

- Related studies on thinking operations and 
achievement in mathematics. 

2.1 Studies Related to Thinking Operations in Mathematics 

The study of mathematics helps one to develop all the 
intellectual powers like power of imagination, memorization, 
observation, invention, concentration, logical thinking and reasoning. 
The conventional method of teaching of mathematics had no effect in 
the development of these mental faculties. The focus on cognitive 
process has become more prominent place in mathematics education. 
Wittrock, M.C. (1974) was one of the first to point out the broad 
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implications of the developing field of cognitive, sciences for research in 
mathematics education. 

Now-a-days new models and techniques of teaching are. evolved 
in the. development of thinking skills in mathematics such as advance 
organizer mode, inquiry training model, etc. Even though thinking 
operations have an inevitable place* in the cognitive, development as 
well as achievement, the investigator failed to locale any research on 
thinking operations in mathematics. Some research findings related 
to thinking operations in mathematics are ievirwed here. 

Basu, A.K. (1060) conducted study on the construction and 
standardization of group test ot Problem solvingahilily in arithmetic. 
The* sample, consisted of <182 pupils of class VIII being drawn from 
twenty-six schools from all areas of Calcutta. The study showed that 
the. hoys were superior to the. girls m respect of problem ability. 

Verma, R.S. (1073) conducted the study on a factor analytic 
study of divergent thinking on relation to certain personality 
dimensions of higher secondary school adolescents, The sample 
consisted of 640 students. The study showed that the effect of 
divergent, thinking on ego strength was little and autonomy, 
nonconformity and openness of mind could help in understanding the 
divergent thinking of adolescents by regarding them as potentially 
creative persons and differentiating them from non-potential creative 


persons. 
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Gurfcaksh, L. (1974) conducted a .study of relationship between 
creative thinking and vocational anxiety and their effect on success in 
teaching. The sample consisted of 300 teacher trainees studying in 
three colleges of Punjab. The study showed that, interaction effect of 
vocational anxiety and creative thinking on teaching success was 
found to he significant whereas interaction effect of general anxiety 
and creating thinking on leaching success was found to he not 
significant and it was concluded that the nocationu! unxicUj and 
(jcnctal anxictif were two separate psijt'holor/ic'alhi ineanmpful entities 
and riot reducible one 

Vaidya, N. (1974) conducted the study of some aspects of 
thinking among science students of adolescent age. The .sample of the 
study comprised 100 hoys and 100 girls of the age group 10 to 15 
years, selected from the grades VI through X on the basis of 
intelligence and tt.K.S, in Rajasthan. lie found that unsuccessful 
problem followers were highly distrielahle, showed poor concentration 
and were little interested in sehoolwork. 

Pillay, G.S. (1978) conducted the study on effects of patterns of 
teaching upon creative thinking among adolescents. The sample 
consisted of 71 eighth grade students. The findings showed that the 
convergent production ability in geography of eighth graders improved 
significantly by creative thinking method than by the traditional 


method. 




Bala, V. (!'>«()) studied "(he effects of modern and traditional 
mathematics curricula on Piageiinn concrete and formal logical 
thinking The sample consisted of ;>K students of Grade IV, and (it) of 
Grade. VII, selected from a school m Ambala. The findings showed 
that modern mathematics facilitated Piaget inn cognitive thinking 
ability to a greatei degree than the traditional mathematics at the 
pi unary school level. 

Dagaur, B.S. (! f )M2) < (inducted tin* study of relationship 
between anxiety and rieative thinking,. The sample consisted of 7ti2 
subjects ol class XI from twelve senior secondary schools. The 
findings showed that males and females did not differ as regards 
creative thinking abilities and anxiety, extraversion and nenrotieism 
were normally distributed. Tht'tv was high punitive relationship 
between amietji and nenrotieism and betuwr'n psi/ehotieism and 
unxictfi 

Douglas, H. (1083) studied the rlfeels of two training sequences 
on the development of young children’s logical operations and number 
concepts, including rational counting strategies, were investigated. 
Forty-five preschool children, aged 3.11 to 4,10, were randomly 
assigned to two treatment groups and one control group. Subjects in 
the treatment groups received training either in classification and 
sedation skills (logical foundations) or in rational counting strategics 
and other number skills (skills integration). The control group 




children received instruction devoid of logical/mathematical content. 
Major pretest and posttest findings indicated that while both 
experimental groups significantly outperformed the, control group on 
number concepts and logical operations tests, the number skills 
integration group significantly outperformed the logical foundations 
group on th<’ number concepts test. 

Haq, A. (l c )8 1) conducted investigation on the convergent 
thinking of VIII Standard students and their performance cm (he 
process based text 'l he study was conducted cm the sample of l 1 )C) 
students including, 100 gills and 00 hoys. The study added In the 
evidence that the gender difference existed in the performance of 
process based text. 

Handrickson, A.D. (WHO) provides examples of 'if-then' and 
eoinbinatonul reasoning .situations that have proved successful with 
college students and can he used with secondary school students. 
Proposes that practice with these* problem-solving processes can 
eliminate the need to memorize formulae that students nitty not 
understand. 

McGarvey, L.J. et «/.(1989) constructed the underlying simple 
paper-and-pencil logical operations tasks administered to young 
children in group settings was examined. The logical operations, 
number concepts, and visual discrimination subtests of the Early 
School Assessment (ESA) were administered as part of the Fail 1987 
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national tryout of the ESA The mathematics concepts and 
applications subtest of the California Achievement Test (Form K) was 
admimsteied as an anchor The two subtests of ESA Level 1 was 
administered to 700 and 1,45b beginning kindergarten students and 
the three subtests of ESA Level 2 was administered to groups of 
1,553, 1,728, and 888 first gradeis. It was hypothesized that the, 
logical operations items in the ESA could be aligned with either visual 
discrimination tasks or with mathematics An item analysis was 
conducted. All three ESA suhtesls were highly correlated with the 
mathematics test. Tin* analysis levealed that these paper mid pencil 
logical opeiations items wete more closely related to number concepts 
than to visual discrimination, but they were distinct. These paper- 
and-peiH'il operations were not highly correlated with more traditional 
tasks involving manipulatives, suggesting that different constructs 
were being measured. The mode of response is a critical issue in the, 
assessment of logical operations in young children; this issue raises 
questions of roust met validity, Six tables present study data, 

Berenson, S.B. ct al, (1990) assessed the level of thinking of 
140 students who had been placed in developmental algebra as 
entering college freshmen. Scores on the group assessment of Logical 
Thinking, Scholastic Aptitude Tests, college placement tests; high 
school grade point average, and developmental algebra final grade 
were analyzed. Group characteristics are presented. 
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Bitner, B.L. (1990) investigated the effect of an erlrc.tir thinking 
processes model on the. logical reasoning abilities of students in 
grades six tlnough twelve. The experimental school consisted of 159 
students whereas the control school had 111 students. The Gioup 
Assessment of Logical Thinking (HALT) was administered to the 
sample as a post-test. The thinking processes model inrorpmated 
logical, critical, and cieahve thinking skills. Teachers m the 
experimental school were presented with the model dining workshops 
in the summers of 198b and 1987. These teachers were encouraged 
to infuse the thinking piocexs into the mandated curricula during, the 
198b 1987’ school trim and were expected to do so m (lit* fall of 1987, 
The control distiiet neither participated m the two summer workshops 
nor were expected to mfuse thinking processes into the mandated 
curricula. For both the expetiinental and the control school, 
correlational reasoning followed bv probabilistic reasoning was the 
most ditlieult. The experimental school performed significantlv higher 
than the control in controlling variables, correlational masoning, and 
the, total GALT score Classification of the students according to 
reasoning levels revealed that only 5% of the total sample performed 
at the formal operational reasoning level. The significant differences 
favoring the experimental school seemed to indicate that the eclectic 
thinking processes model was effective, 

Bitner, B.L. (1991) studied the five formal operational reasoning 
modes in the Group Assessment of Logical Thinking were found to he 
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statistically significant predicators of critical thinking abilities as 
measured by the Watson (iUisei (’ntical Thinking Appiaisal and were* 
significant piedtdois of science and mathematics grades. 

Saayman, R. flbht) discussed the structure and results of a 
university physics entry examination that measures students’ 
expertise with mathematical tools and Immal logic operations required 
for the study ni » oDrgr physic s The study indicates that the 
('xanunalinn adequate!', vuve-s moimuif' students’ to evaluate 
academic pnienh.il, tn emphasize specitie delu iennes; and to 
leecumueod c heue es tm < not se ot stud',. 

Joan, E, et al UuUgj examined social and cognitive play 
behaviours ot preschool clulthco m rnmpausou to tests of convergent 
and (hveigent flunking. High level on non social activity was 
associated with low sc otrs on the convergent thinking measure 1 . 
There weir negative ielaimnships between non social play and 
divergent thanking 

Nasser, R. rt til (l‘H)]j studied whether students perform 
cliffeiently cm algelna word problems that have certain key context 
features and entail proportional reasoning relative to their level of 
logical i easoniug and their degree of field clepenclence/indepe.ndence. 
Field-independent students tend to restructure and break stimuli into 
parts and to perceive details more readily than field-dependent 
students. The underlying theoretical view is that context may be an 




important faetoi m how students appioaeh, analyze, and restructure 
word problems, The sample included university students (n-=37) and 
secondary school students (n Ida) hum two large high schools in two 
cities. The Onllsehaldt Hidden Figmrs Test was used to assess lield 
dependrnre/independenre Selected items from the Equilibrium 
Balance Test were used to assess Piagelian stages of logical reasoning. 
A 2 X 3 MANUVA was used to analyze the clients of' cognitive style 
(dependence, independence) and opetativitv (concrete, transitional, 
fuimal) Ovejalh held independent .subjects who were formal 

operational jeasoneis peilnimed highest anos.s all the pioblem 
leatures, The tesull suppoited the ttdluenee of cognitive style, 
tngether with cognitive development m mediating a student’s jibility to 
solve algelua woid piohlems. 

John. S. (I til, (1993) conducted a study on integration of 
mathematics, si lenec and technology of education as basis for 
thinking nnd piohlem solving. The sample consisted of 148 students. 
The findings showed that there is higher order learning in a multi ■ 
(list iplinarv piojerf. 

Howard, T. and Sonia, J. (1994) conducted a project on 
Mathematical Thinking Skills. The study consisted of 314 students 
aged between 11 and 13. Findings of the study showed that 
intervention students performed significantly better than control 
students in both cognitive and metacognilive posttests. 
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Berg, C.A. cl ul. (1004) using I'lagetian tasks they designed to 
assess specific mental structures. Researchers investigated the 
relationship between logical flunking structures and the ability of 
students to eonstiurt and intnpirt line giaphs. Results revealed that 
a significant eoi relation exists between the afore- mentioned variables, 
It was found that only at rn tain cognitive developmental levels ran 
students he expected to develop and uudeistand line graphs, 

Bigler, R.S, (I'tOh) investigated the effect of using gender as a 
iunctional eategoiv m elementaiv school sindeats' gender stereo 
typing. Results stlppnitecl the idea that the luiu lional use of gender 
categories leads to imiruxe tn gendet steieo typing, particularly 
among these ihihhen with less advanced classification skills. 
Advanced classification skills proved (o moderate these societal 
influences. 

Suja, S.P. (t'ldb) tundue led a study on the influence of 
examination anxiety and intelligence on Problem solvingabihty of 
secondary school students in mathematics. The sample of the study 
consisted of 570 students of IX Standard of Kotlayam District. She 
found that anxiety and intelligence on Profolem-solvingabilitics are 
negatively and significantly correlated. 

Van, D.F. (1005) provided a teacher’s guide and activity sheets 
designed to introduce students to three patterns of reasoning in 
inferential logic. Students learn to construct arguments from 
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diagrams and, given an argument, illustrate the argument with a 
Venn diagram, and then study the diagram to see if the argument is 
valid or invalid. 

Latha, E.K. (lUOb) eondueted a survey to find to Geography 
Thinking Operation ni tilt' Pupil of Selected High Schools of Kasargod 
Taluka of 450 pupils of Standard VIII. It was revealed that these 
thinking opeiahons ate not equally distributed. 

Oers, B.V, (1000) investigated which teaching opportunities 
within a ioIo plav aclivitv t oulcl he considered valuable foi the 
imimivement of mathematical thinking,. Observations indicated many 
such nppoitumties, suggesting that if teachers manage to make use of 
such teaching opportunities, children can explicitly relied on the 
relationship between symbols and meanings within play activities, 

Koyama, M. (1007) idenlilied students’ mental models of an 
abstract mathematical concept regarding intuition. Observed how 
students think relleetively on their mental models in a whole-('kiss 
discussion in terms of logical thinking. 

Donga, N.S. and Molia, M.S. (1908) conducted an experimental 
study on the effect of meta cognitive process on learning process in 
mathematics, Sample* of the study was 60 students of Standard IX, 
The results of the study pointed out that the learning process used by 
the group taught through meta cognitive process programme is better 




than that used bv the group taught through conventional teaching 
programme. 

Krupa, G.A. (lUOHj in her study of thinking operations in 
physics and the tartars affecting it of the secondary school students 
on a sample of 700 at IX Standard students of Kottaynm district 
showed that the thinking, opeiations do not distribute equally at 
different levels of distnbuOnn 

Kochurani, K.G. tfu'iuj i uuilut icil a study of thinking, 
operations m mathematic s and related laitois of the students ol IX 
Sfandaid of hottavain distnt t, flie study consisted ol nOO students. 
Findings of the study showed that then* was no significant difference 
m thinking npnntinns ot the students 

Patll, S.P. (2001! conducted a study on relative etlertiveness of 
dilferenl logic al thinking open alums on at hirvrment in matheutatics. 
The sample ol the study • oiistsled ol 2:iO IX Standard students of 
Uharwad taluka He found that students with favourable and 
unfavourable attitude towards mathematics differ significantly in 
respect of their logical thinking operations. 

shoba, D. (2001) conducted study on the. effect of the self- 
designed instructional material on the selected thinking skills. The 
sample consisted of 202 pupils selected from VIII Standard of 
Kannada medium Government high schools. The findings showed the 
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significant effect of self designed instructional material on the selected 
thinking skills. 

In the above studies, diltetent aspects related to thinking 
operations in mathematics weie discussed. Basil, A.Iv. (1909), 
Vaidyn, N. (197 1), Hendrickson, A.I). (198b), John, S, ct al (1993), 
Nasser, R ct al. (1993), Howard, T. ct al (1994), Bcry, ('.A. ct al, 
(1994), Van, I ).l\ (199:4), Supi S1‘. (1994), Oers, B.V. (199b), 
Kovama, M. (1097), Donga, N.S cl al, (1998), Bala, V. (1980) and 
Douglas, H. (1983) have studied about melaeognitive process in 
mathematics (problemsolving abilities). Venna, KBS, (1973) 
eondueted a studv on divergeul thinking and Ilaq, A. (1984) and 
Joan, K. ct al. (1992) studied on convergent thinking. The 
relationship between anxiety anti creative thinking was studied by 
Gurbaksh, L. (1974) and Dagnur, B.S. (1982). Also Rallay, G.S. (1978) 
showed that convergent produc tion ability m geography of VIII graders 
improved significantly by creative thinking method than by the 
traditional method. Mctinrvey, h.T. ct al. (1989), Saayman, R. (1991), 
Benmson, SB. ct al, (1990), Bilner, B.b. (1990), Kochurani, K.CV. 
(1999) and Ratil, ,S R. (2001) have conducted a study of logical 
thinking operations in mathematics. Thinking operations other than 
the. mathematics was investigated by hatha, K.K. (1996) and Krupa, 
G.A. (1998) in geography and physics respectively. Lastly, Shoba, D. 
(2001) conducted a study on effect of self-designed instructional 
material on the selected thinking skills and she showed that there was 




■1H 

a significant effect of the self-designed instructional material on the 
selected thinking skills. Hence, in the present study, it was decided to 
investigate the thinking operations in mathematics among the* 
students of seeondaiy schools, 

2.2 Studies Related to Factors Affecting Thinking Operations in 
Mathematics 

Thinking is a process developing through different stages. 
Ivdueatum is the process fm development and improvement of the 
power of thinking. The process oi thinking gels success only ii the 
teaehei has complete know ledge of his .subject. (Maria Kein rial) 

Kvrn though intellectual abilities ate inherited, there exist some 
factors affecting the development of intelligence. These are the 
intellectual atmosphere at home, the soeio economic status of the 
parents, tlie' emotional atmosphere in the home and the kind of 
education available to the* child, including the types of school and 
medium ol instruction, etc. Sometimes the gentler difference also has 
effects on the normality oft hr thinking skills. 

Thinking is also affected by attitudes, prejudices and beliefs. 
Attitudes are generalized dispositions for certain particular ideas, 
things or persons. Unless a student has a favourable attitude towards 
subject of the study he/she may not achieve considerably in that 
subject and may not also like to study it at higher levels, The child’s 
attitude towards the teacher, the method of teaching, the text book, 
the subject itself, will affect the thinking skills. Hence, the 
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investigator felt the need to take the above-mentioned variables for the 
present study. 

The studies related to different variables are given below : 

Raven, R,J. (1087) enmpaied the cliiferene.es in ratio 
construction of high school Ireshman and junior students. The study 
repeals that more lieshmen than juniors selected solutions involving 
one variable, wheieas juniois rho.se solutions that coordinated two 
variables in a mathematical oi verbal rule. 

Silver, E.A, (IdUn) studied matheinatieal problems generated by 
500 middle school students who were given story problem 
drsenplionN and asked to pose questions that could be answered 
using the information were examined for solvability, linguistic and 
mathematical complexity, and relationships within the sets of posed 
problems. Teachers evaluating students’ posing of arithmetic story 
problems can implement the multiple step data analysis scheme. 

Cerrito, P.B. (100b) in his paper argues that separation of 
mathematics from most other disciplines in the college curriculum 
reinforces math avoidance among college students, and that this is 
inappropriate in general education. Ways in which mathematics and 
mathematical thinking can be integrated into the humanities are- 
discussed, including the role of mathematics in history, developing 
precision in language mse, and logical thinking. 




Goral, C. M. (2002) studied the interartive effect of sex, caste 
and attitude towards mathematics on different logical thinking 
operations m mathematics like ohseivatum, ending, inference, 
application and problem .solving. The sample consisted of 303 
students studying m IX Standaid. 3 wav ANOVA was used to find out 
the diffeience in the effects of independent vmiahles. It was found 
that favmnahle and unlavomable attitude* towards mathematics 
influenced on thinking, npeiutions like coding and application. Sex 
and taste; sex and attitude; and caste and attitude taken two factors 
each time jointly mtluenr ed upon logical thinking opeistinn like 
coding. Fuithei, the mteiactinn among, all the thi**(* seleeied factors 
had inllueneed upon logical thinking, operations like coding and 
application 

2.3 Studies Related to Gender 

The elleet oJ gendei on Pinhlrm solving,ability was studied by 
Basu, A.K. (tbfiU). Hie tindmgs showed that tilt* boys wear superior 
to the girls m respect ot Piohlem solving,ability. 

The results of the survey on women in mathematics by 
Armstrong, N.A. (1082) indicated that girls were better at spatial 
visualization and computation than were boys, while Problem- 
solvingskilks were equal. 

Peterson, P.L. and Elizabeth (1985) conducted a study on 
effective, teaching student engagement in classroom activities and sex 
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related differences in learning mathematics of 36 IV grade teachers’ 
and their Mathematics classes in 15 schools located in the rural 
areas, The study showed that hoys and girls did not differ 
significantly in their achievement. 

Jai, S. J. (1687) compared the students sexwise in their level of 
convergenee. The subjects of the study consisted of 654 students ol 
arts ami science subjects enrolled at colleges. In the comparison 
between the sexes both male and female students showed almost 
identical peilormunre on convergence. 

Knlshreta, A. and Jain, S. C. (10,50) studied the relationship 
between (he classification skill and the gender dilferenee of pupil. The 
sample of the study consisted oi 20 boys and 20 girls of VI, VII, and 
VIII Standards. The study led to the conclusion that the overall 
perlonnanrr of the girls on elassilienlion skill was belter than the 
pertoi matter of the boys. 

Herbert, M.N. (10H0) conducted a study on sex difference in the 
development of verbal and mathematical constructs of the high school 
students and beyond. It was found that determinants of the verbal 
and mathematical constructs were similar to boys and girls. 

Battista, M.T. (1090) investigated gender differences and the 
role of spatial visualization in Problem-solving in high school 
geometry. The study reports that, while males and females differed in 
spatial visualization and in their performance, they did not differ in 
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logical reasoning ability or m their use of geometric problem-solving 
strategies. 

Suja, S.P. (1998) studied the elfect of gender on Problem- 
solvingahility. The study showed that there, exists no gender 
difference in the Problem solvingahility. 

The third International Mathematics and .Science study 
conducted bv Beaton, A.E. of al. (199b) on more than a half million 
students ol five* grade levels of 4 1 conn lues showed that gender 
differences m mathematics achievement were small or nearly non¬ 
existent in most eounliies. 

Latha, E.K. (199b) lotuul the difference* hetween boys and girls 
in thinking open at ums m geography. The findings revealed that boys 
were higher than girls in thinking operations. 

In a study of identification ol selected cognitive affective* 
variable's as predictors ol mathematics achievement of secondary 
school pupils by Sajikuraar, A. (10%) found that there was no 
difference between boys and girls in terms of intelligence. 

Krupa, G.A, (1998) showed that girls arc higher than boys in 
thinking operations in physics. 

Kochurani, K.G. (1999) tried to find out the difference between 
boys and girls on thinking operations in mathematics. The findings 
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revealed I hat there was no significant difference in the thinking 
operations between hoys and girls. 

Patil, S.P. (2001) showed that there exists no gender difference 
in logical thinking operations on related to achievement in 
mathematics 

From the above studies the following conclusions could he 
drawn • The studies conducted by Peterson, P.L, and Ivlizabclh (1085), 
Jai, S.d. (1087) on gender difference showed that boys and girls do not 
(Idler signilicantly in their cognitive abilities. Studies of llerbet, M.N. 
(1080), Suja, S.P. (1005), I talon, AH. r( at. (100(>), Sajikumai, A. 
(loot)), Kochttruui, K.G. (1000) and Paul. S.P. (2001) found that there 
exists no significant difference in the thinking skills. Hut Basu, A.K. 
(1060), Armstrong, N.A. (1082) and hatha, K.K. (1906) have, shown in 
their studies that flunking operations of hoys are higher than that of 
girls. The third category of studies showed that thinking operations of 
girls were higher than that of hoys by Kulshrcla, A. and Jain, S.C, 
(1980), Krupa, G.A. (1008). But Bittista, M.T. (1000) showed that 
males and females differed in spatial visualization and in their 
performance, they did not differ in logical reasoning ability or in their 
use of geometric Problem-solvingstrategies. Thus, the acquisition of 
cognitive level operations by boys and girls seems to be varied in the 
results. Some studievS favour the boys, and some other studies favour 
the girls, while some studies showed no significant difference between 
boys and girls. Hence, the investigator formulated a null hypothesis 
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to test the* significant relationship between thinking operations and 
gender difference*. 

2.4 Studies Related to Social Status 

Mihir Kumar, C. (1U')H) conducted a quasi-experimental study 
on educational backwardness of scheduled caste students in West 
Bengal. The sample consisted of a group of 400 vSC students and 
equal number of other students. The research finding was that the, 
academic' achievement of SC secondary school students was 
significantly power than that of the other students 

Kochurani, K. G. (1000) conducted a comparison of different 
thinking operations among scheduled caste and non 'Scheduled caste 
students. The study showed that noil-scheduled caste students were 
belter in the acquisition ol thinking operations in mathematics than 
the scheduled caste students. 

Thus, the research lindmgs showed that the. academic 
achievement and thinking operations of scheduled caste students 
were significantly poorer than that of the other students. 

Since there was no study available regarding the selected 
variables in the present study, the investigator had to formulate the 
null hypothesis to test the significance of the difference between 
scheduled caste students and others in thinking operation in 


mathematics. 




2,5 Studies Related to Attitude towards Mathematics 

Sing, D. R. rt til fl'PM) i ondm fed a .study on the attitude of 
high school .students tnw.nds mufhrmnfu s The* findings indicated 
that tile* attitude is related to intelligent e the mtellri 1 mil superior 
students have muse bivnui able attitude* towards iiiuihemahrs in 
comparison with mteilet tn.dh interior students. The* study nil the* 
influence ol stiuh, habits ami auuude on at hieyoment m mathematics 
by Susan, P. U r Htfu showed that there exists no significant 
ldationshiji hrtwfm .iHPude .end ,v h5f*veine*u! in mathematics. 
Antonio, N. »f it! *, P» f »y, . undue ted a study on I’uihlein solving m 
physics, 1 he sample t n:is:s*e»5 ni sfudents n! Hi vc'ais oi age in 
physics at two pnjb'.gnev* high v bools The studv showed that there 
exists a less sjgmb» ant jel.span*.Lip between cognitive abilities and 
altitudes. 


A study mt the lelatioisslnp between attitude towards 
mutheniaiit s and thinking opeiafnms m mathematics oi IX Stamhird 
students oi Kottavam disfiit t hv Kochurani, K. G, (1999) showed that 
there exists a significant iclatiunship between attitude* towards 
mathematics and thinking operations in mathematics. 

The* attitude is related to intelligence? according to Sing, DR. 
et al (l‘W). Susan, P. (1990) showed no significant relationship 
between attitude and achievement in mathematics. But Antonio, N. et 
al. (1907) and Kochurani, K.G. (1999) showed the significant 
relationship between attitude towards mathematics and thinking 




operations in mathematics ’I bus, the .studies conducted so far 
revealed contradietoiv tmdings. 1 hen-hue, Hie investigator formulated 
a null hypothesis to liml out the lelationslnp between thinking 
operations and attitude towards mathematics. 

2.6 Studies Related to Thinking Operations and Academic 

Achievement in Mathematics 

Kduratiun bungs about changes m mdividuars cognitive, 
affective and psvt hnmotm dumams. When the i hanges in these 
domains lead to development m desuahle dueetions, the individual 
achieves know ledge, a* iitni es skills and attains wm thv attitudes. 

how at hie'.emenf m school m.iihem.itii s has heroine a pioblem 
in our eonnliv. Die hl.une ss on the te.-uhns or on the pupils. Hill 
Mathematual alulitv irsponsiblr loi low achievement is a matter of 
[ii nuarv eour ei n (Rastogi, S. 1 MKoj 

Mathematu s is a sublet I, winch totally hanks upon the 
intellectual and mental input dies. The inadequacies in mental 
abilities such as thinking, masoning, powei of eoncenliation, memory 
are the probable cause of low achievement in mathematics. It is the 
teacher’s* role to develop mathematical abilities in the students 
through his/her thought provoking teaching. If the meaningful 
learning takes plate in mathematics, the person of even low 
intelligence can also undei stand mathematics better. Hence, in the 
present study thinking operations and academic achievement arc 
correlated. Studies regarding the relationship between thinking 




operations and achievement in mathematics are reviewed in this 
section : 

Latha, E. K, (Ibbh) studied the relationship between thinking 
opeiations and achievement. The study showed that there exists a 
positive signiiieant relationship between thinking operations and 
achievement m sot ml snem es. 

Michael, S, (I'tdo) umduttetl o slndv on the long term effect of 
cognitive aeceleiation on jmpils‘ school Achievement. Sample of the 
slndv consisted of Tboo pupils. The Jmdmgs of the study showed that 
llieie is a telalivc onin ol increase m acluevemenl in mathematics 
with thinking skills 

Suji Kumar, A. tldbpj concluded a study on relationship 
belwren intelligence and achievement. The study showed that (here 
exists a positive significant lelationship between intelligence' and 
achievement in mathematic s. 

Jyothi, C. (1 ( »U7) showed that there exists a significant 
relationship between creativity and achievement in mathematics. 

Fuchs, L. S. rt cd, (1 C ) C J8) conducted an experimental study on 
high achieving students’ interactions and performance on complex 
mathematical tasks as a function of homogeneous and heterogeneous 
pairings. The results showed that high achievers generated better 




mathematical performances with their high achieving classmates than 
with their lower achieving peers. 

Kxupa, G. A, (lddh) had also shown that thinking operations 
and achievement in physics were positively and signiticantly 
correlated 

Kochuram, K, G. (l'PPi) showed that the thinking operations m 
inathrmalies ol IX Slandaid students were positively related to their 
aeliievenienl in mat hrmaltt s. 

Fatil, S. P. piOUlj showed that tlie el feel logical thinking, 
operations on tlie academic achievement m mathematics are more in 
girls than in hows. 

Nayak, G. T. LhHUj studied the effect of logical thinking 
operations on academic ai increment m mathematics. Observation, 
coding, mfetenee, appln afiou and Problem solvingnre the thinking 
operations considered in the study. Tin* study coveted 303 students 
studying in IX Standard m ten secondary schools of Kalglmlagi 
taluka. Pearson's product-moment correlations, multiple-regression 
analysis, path analysis and principle component factor analysis were 
used to analyse the data. The study revealed that thinking operations 
like coding, inference, application and Problem-solvingare having 
positive and significant relationship with achievement in mathematics. 
The operation coding seems to he the best predictor of achievement of 
mathematics. In the order of priority, the next predictors are 




inference, application and problem solving. The. thinking operations 
like coding and internin' have significant direct effect on achievement 
in mathematics, Lastly, the thinking operations inference and 
application are clustered under a single group with high factor 
loading 


Hv analyzing the above studies it ran be concluded that 
cognitive abilities have positive influence on the academic 
achievement [Sajikuinar, A 1000; Michael, S. 1000; Jyotlii, C. 1007, 


Fuchs, L S. 100,H), The studies hv Lallia, K. K, (1000); Krupa, (L A. 
(1008); Koelmram, K. (L (looojj showed 1 hat achievement in dillerent 
school subjects is significantly cm minted to flunking operations in the 
respective school subiccts. The studies reviewed are not directly 
related to the thinking operations and achievement in mathematics. 
Therefore, the investigatoi formulated a null hypothesis to determine 


significant relationship between achievement in mathematics and 


thinking, operations, 
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THE PROBLEM 

3.1 Need for the Study 

Results of the national survey and the Pli.l). studios clearly 
icveaWlhnl ft) the pel lormanee of our students is far from satisfactory 
with lrlerente to application questions, and (li) higher cognitive 
abilities tonlnlmlr more m mathcmalii s performance, Ktulher, it is a 
maltei of cominon exponent e ol teachcis leaching mathemalics that 
students by and huge do not pet form well on application and 
reasoning questions. 

Mathematics refonn movement posils an amhitious set of 
outcome for student learning. Documents published hy the National 
Domicil ol Teachers ol Mathematics (1091), the Mathematical 
Association ol Amenta (lOUl) and the National Research Council 
(19H9) all point to tin* importance of students' developing deep and 
intereonnreted understanding of mathematical concepts, procedures 
and principles, not simply an ability to memorize formula and apply 
procedures, Increased emphasis is being placed not only on students’ 
capacity to understand the substance of mathematics but also on 
their capacity to do mathematics (Maty Kay Stain, at al, 1996), 

In recent years mathematics educators and philosophers have 
convincingly argued that full understanding of mathematics consists 




of more than knowledge but include the capacity to engage in the. 
process of mathematical thinking. 

According to Romberg (1 ( >85), students should not view 
mathematics as a static bounded system of facts, concepts and 
proceduics to be absorbed but rather as a dynamic process of 
gathning, discovering and creating knowledge in the course of some 
activity having a puipo.se. Tin* National Policy of Kduention (lP8b) 
also advocated “a child rcntrird and activity based process of 
learning". To facilitate tins the National ('uirieulum Framework has 
visuali/.cd a change in the teachers’ rale from that of a mere 
Iransmittei ol midi malum in that ol a facilitalnr of learning. 

Hut the teaching for thinking is not fruitful in present days. 
The teacher dings to traditional methods. Therein!e, the power of 
thinking, understanding and retention are not developed m the 
students. Theie is spoon feeding which the student can comfortably 
swallow and digest. The authorities run after attractive results which 
are obtained only through ciamming. There is no emphasis on 
thought, understanding, initiative, judicious study and power. 

Now-a-days the aim of learning is to get through the 
examination rather than to understand and grasp the subject.. As a 
result the students* enthusiasm and interest are curbed. Examination 
is a matter of chance more in mathematics than in any other subjects. 




62 


A crammer may get the upper hand m the examination and an 
intelligent may not get his due. 

lienee teacher has to organize the learning situation to 
stimulate curiosity and independent thinking, develop Problem-solving 
skills, promote planning and execution of projects and self-learning 
involving acquisition of knowledge through observation of phenomena, 
creative thinking at livities in the mathematics classroom. Consistent 
engagement m such thinking practices should in turn, lead to a 
deeper undei standing of mathematics. 

Having gone through the present status and imporlanre of 
thinking m mathematics, the investigator attempted to answer the 
question, whether the present rendition of teaching and learning, the 
existing curriculum and textbook foster the thinking operation in 
mathematics oi the students of secondary school students, Hence, 
the study assumes its sigmheanee and relevance. 

3.2 Statement of the Problem 

The present study may be staled as 'A Study of Sequence, of 
Logical Thinking Operations in Mathematics among Disadvantaged 


Children\ 




3.3 Objectives of the Study 
3.3.1 General Objectives 

The pie,sent study tv,is mulct taken with the following objective 
in view : 

i. To musp.ue »hr v.motions an attainment ot logical 
thinking operations in mathematics among <• hildren 
belonging in sv ami SI < 'atej*oiv ; SI and Geneinl 

t “ategm v and St" and Geneml l 'ntrgoiy, 

n. In stud*. Ha' tnS'j.i*‘ion HCrfs ot sex, cosh* anti 
attitude ‘ov.a’d’, matbemad* s on attainment ot 
sequent •• ot iagn a", Honking, operations in 
matheii ,.g;< *». 

m in stud*, the :elatinnsiup ol Iogi< al thinking 

npejations v.iih at adenut at hievenieut in 

mathentam s among SO. ST and General Category 

Minings 

iv. It) detriment* the irlnfivr ettu tent v ot lilt* logical 
thinking, opeiations in jnetlu ting acatlenuc 
achievement in inathenialie.s among SC, ST and 
Genna! Cafegmv students. 

v. To (Ictrunmc the fhiert ami indirect effects/paths 
of set oi logical thinking opeiations on academic 
achievement in mathematics among SC, ST and 
Cicneial Category students. 

vi. To determine the cluster of logical thinking 

operations in terms of their contributions to 

variation in academic achievement in mathematics 
among SC, ST and General Category students. 
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3,3.2 Specific Objectives 

111 pur.surmi e of the Otenrial nliiivtivr i, tin* following specific 
objectives writ* setup ' 

1 To t ojiipoie (hr van,ikons in attainment nl Inpjral 
thinking oprimiun nlisriv.Uinii among SO and ST, 

SO and Genrnd i;Un*niO ond ST ;md Ordinal 
categnn fhddien 

J To om,|ui!‘ the von.sprsns hi alt.unnient of logical 
flunking opd.i'mn (udini* among Si’ ,mi| ST, SO 
ond Irene;, d la’egojv, atld Sf olid Gonna! ratcgoiy 
i luldtru 

k lo i <ini]sue the motions in attainment of logical 
thinking ojiri.ition minnar among SO and ST, 

SO and i Intel a! tategniv. Si antS O, moral category 
< hildirn 

\. In nimjiaie the '.an,ilium, m attainment of logical 
thinking ojieMtioij applit atmn among, St* and ST, 

SO ,md Ornriul talegoiy, and ST and Ordinal 
t atrgoiv i bildmi 

5, To compare tin* vanahoms in attainment of logical 
thinking operation Problem-solving among SC and 
ST. SO and General category, and ST and General 
category children, 
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In pursuance of the C.eneral Objective - ii, the following specific 
objectives were set up : 

b. To study the influence of sex on attainment of five 
logical thinking operations : 

a. Observation 

b. Coding 
e. Inference 

d Application 
e. Problem-solving 

7 . To study the intluencr of caste, on attainment of five 
logical thinking opeiations : 

a Observation 
1). Coding 
e. Inference 

d. Application 

r. Problem 'Solving 

H. To study the inilucnce of attitude towards 
mathematics on attainment of five logical thinking 
operations : 

a. Observation 
1). Coding 

e. Inference 

d. Application 

e. Problem-solving 

9. To examine the interaction effects of sex and caste 
on attainment of five logical thinking operations : 
a. Observation 
h. Coding 

c. Inference 
tl. Application 

e. Problem-solving 
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10. To examine the interaction effects of sex and 
attitude towards mathematics on attainment of five 
logical thinking operations : 

a. Observation 

b. Coding 

c. Inference 

cl. Application 

e. Problem-solving 

11 To examine the interaction effects of caste and 
altitude towards mathematics on attainment of five 
logical thinking operations ■ 

a. Observation 

b. Coding 

c. Inference 

d. Application 

e. Problem-solving 

12 To examine the interaction effects of sex, caste and 
attitude towards mathematics on attainment of five 
logical thinking operations : 

a. Observation 

b. Coding 

c. Inference 

d. Application 

e. Problem-solving 

In pursuance of the General Objective -iii, the following specific 
objectives were set up : 

13, To study the relationship of logical thinking 
operations - observation, coding, inference, 
application and Problem-solving with academic 
achievement in mathematics among SC category 
students, 
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14. To study the relationship of logical thinking 

operations - observation, coding, inference, 
application and Problem-solving with academic 
achievement in mathematics among ST category 
students. 

15. To study the relationship of logical thinking 

operations - observation, coding, inference, 
application and Problem-solving with academic 
achievement in mathematics among General 
category students 

In pursuance of the General Objective - iv, the following specific 
objectives were set up : 

16. To determine the relative efficiency of the different 

logical thinking operations - observation, coding, 
inference, application and Problem-solving in 

predicting academic achievement in mathematics 
among SC category students. 

17. To determine the relative efficiency of the. different 

logical thinking operations - observation, coding, 
inference, application and Problem-solving in 

predicting academic achievement in mathematics 
among ST category students. 

18 To determine the relative efficiency of the different 
logical thinking operations - observation, coding, 
inference, application and Problem-solving in 

predicting academic achievement in mathematics 
among General category students. 
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In pursuance of the General Objective - v, the following specific 
objectives were set up : 

19. To determine the direct and indirect effects of 

logical thinking operations - observation, coding, 
inference, application and Problem-solving on 
academic achievement in mathematics among SC 
category students. 

20. To determine the direct and indirect effects of 

logical thinking operations - observation, coding, 
inference, application and Problem-solving on 
academic achievement in mathematics among ST 
category students. 

21. To determine the direct and indirect effects of 

logical thinking operations - observation, coding, 
inference, application and Problem-solving on 
academic achievement in mathematics among 
General category students. 

In pursuance of the General Objective - vi, the following specific 
objectives were set up : 

22. To determine the cluster of logical thinking 

operation - observation, coding, inference, 
application and Problem-solving in terms of their 
contributions to variation in academic achievement 
in mathematics among SC category students. 

23 To determine the cluster of logical thinking 

operation - observation, coding, inference, 
application and Problem-solving in terms of their 
contributions to variation in academic achievement 
in mathematics among ST category students. 
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24. To determine the cluster of logical thinking 
operation - observation, coding, inference, 
application and Problem-solving in terms of their 
contributions to variation m academic achievement 
in mathematics among General category students. 

3.4 Research Hypotheses 

In pursuance of the {Specific Objectives - 1 to 5 the following 
research hypotheses were set up : 

1. SC and ST, SC and General category, and ST and 
General category children differ significantly in 
their logical thinking operation in mathematics- 
observation. 

2. SC and ST, SC and General category, and ST and 

General category children differ significantly m 

their logical thinking operation in mathematics- 
Coding. 

3. SC; and ST, SC and General category, and ST and 

General category children differ significantly in 

their logical thinking operation in mathematics- 
inference. 

4. SC and ST, SC and General category, and ST and 

General category children differ significantly in 

their logical thinking operation in mathematics- 
Application. 

5. SC and ST, SC and General category, and ST and 

General category children differ significantly in 

their logical thinking operation in mathematics- 
Problem-solving. 
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In pursuance of the Specific Objectives - 6 to 12, the 
lowing research hypotheses were set up : 

b. Kffrets of boys and girls differ significantly on 

attainment of five logical thinking operations, viz., 
observation, coding, inference, application, and 
problem solving. 

7 KJfects of scheduled and non-scheduled castes 

differ significantly on five logical thinking 
operations, viz , observation, coding, inference, 
application, and problem solving. 

H. Ktfeels of favorable and un-favourable attitude, 

differ significantly on five logical thinking 
operations, viz., observation, coding, inference, 
application, and problem-solving. 

9. Interaction effects of sex and caste differ 

significantly on five logical thinking operations, viz., 
observation, coding, inference, application, and 

problem solving. 

10. Interaction effects of sex and attitude differ 

significantly on five logical thinking operations, viz., 
observation, coding, inference, application, and 

problem-solving, 

11. Interaction effects of caste and attitude differ 

significantly on five logical thinking operations, viz., 
observation, coding, inference, application, and 

problem-solving. 
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12. Interaction effects of sex, caste and attitude differ 
significantly on five logical thinking operations, viz., 
observation, coding, inference, application, and 
problem-solving. 

In pursuant e of the Specific Objectives - 13 to 15, the following 
research hypotheses wen* sel up : 

13. There exists a significant relationship between 

logical thinking operations, viz., observation (lb), 
coding (lb), inference (lb), application (lb), and 
Problem solving (II;,), and academic: achievement in 
mathematics among SC category students. 

IT. There exists a significant relationship between 

logical thinking operations, viz., observation (II (1 ), 
coding (lb), inference (lb), application (lb), and 
Problem-solving (I bn) and academic achievement in 
mathematics among ST category students. 

15. There exists a significant relationship between 

logical thinking operations, viz., observation (Iln), 
coding (Hu), inference (IIu), application (IIh), and 
Problem-solving (lb:.) and academic achievement in 
mathematics among General category students. 

In pursuance of the Specific Objectives 16 to 18, the following 
research hypotheses were set up : 

16. There exists a joint direct and indirect effects of 
observation (Hu,), coding (Hi?), inference (His), 
application (II w) and Problem-solving (Pho) on 
academic achievement in mathematics among SC 
category students. 
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17. There 1 exists a joint direct and indirect effects of 
observation (II,,). coding (H^), inference (H^), 
application (lb,) and Problem-solving (H M ) on 
academic achievement in mathematics among ST 
category students. 

18 There exists a joint direct and indirect effects of 
observation (IU). coding (IU/), inference (H, h ), 
application (IU<i) and Problem-solving(] on 
academic achievement in mathematics among 
Ornrrnl category students. 

3,5 Scope of the Study 

The study is eonlmrd to Dharwad district in Karnataka state. 
Dharvvad district is situated in the western section of the Northern 
half of the Karnataka stale. It has five talukns, viz, Dharwad, Hubli, 
Kal ghatgi, Navnlgund and Kundgol. According to 1991 census, 
Kalghatgi taluka with total literacy rate d4.0() per cent (male 56,64, 
female 30.54) is considered as lowest literacy taluka in the entire 
district. In the present study, Kalghatgi taluka has been considered 
as disadvantaged tnluak with the following statistics. 


Name of 
Block 

Area 

Sq. 

(Kms) 

Population 
Total as 
per 1991 
census 

Population 

Male 

Population 

Female 

Population 

Range 

Kalghatgi 

682,8 

121248 

62700 

58548 

121248 


Population 

Urban 

Population 

SC 

Population 

ST 

Number 

of 

Workers 

Density 
(Sq) Kms 

Sex 

Ratio 

0 

13437 

1099 

44400 

177 

930 
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Further, the present study was restricted to secondary level 
with a focus on IX standard students, in Kalghatgi talulca. As the 
logical thinking operations pertains to reasoning in mathematics the 
present study for the purpose of analysis is limited only to the 
academic achievement of students in mathematics. 

For the purpose ot the study, only five logical thinking 
operations, viz., Observation, Coding, Inference, Application and 
Problem solving were selected, 

3.6 Definitions of Technical Terms 

Thinking Operations 

Thinking Operations are activities which encourage thinking 
and which involve many kinds of thinking. 

The selected thinking operations for the present study are 
Observation, Coding, Inference, Application and Problem-solving. 

Observation 

It is the skill or an ability to get the information about one’s 
environment either directly through one’s sense or through the written 
word or symbol and is expressed in the form of statement and facts. 

Coding 

Coding is the operation of thinking which helps to assign 


symbols for objects and ideas. 




74 


Inference 

In order to process the information that is sensed, touched and 
felt a student has to go beyond the process of observation i.e., he has 
to infer the observed facts, identify the correct reason and arrive at a 
conclusion. 

Application 

Application is the ability of applying abstractions such as ideas, 
principles, rules, theories, concepts, etc to mathematical problem and 
concrete new situations. 

Problem-solving 

Problem-solving is the integrated activity of perception, memory, 
recall association, generalization and reconstruction of ideas. It is the 
formal reasoning of a complete nature. 

Total Achievement 

Total marks of the five logical thinking operations in mathematics 
were treated as total achievement scores in mathematics. 

Achievement Test 

A test that measures the extent to which a person has achieved 
- something acquired certain information or mastered certain skills - 
usually as a result of specific instruction, In the present study the test 
constructed on IX standard mathematics in regional language 


considered as an achievement test 
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Attitude 

An attitude may be defined as a tendency to react favourably or 
unfavourably towards a designated class of stimuli such as an 
institution or persons or objects, It is the sum total of child’s feelings 
and inclinations, prejudices or bias 

Thurstonc (1931) . Attitude is the affect for or against a 
psychological object. The term psychological object may refer to a 
physical object, a person, an idea, a plan of action, a form of 
conduct . In fact, it may refer to any idea about which the subject 
may express positive or negative aii'ert 

C'luwc (1928) : An attitude is a complex of feelings, desires, 
fears, convictions, prejudices or other tendencies that have given a set 
of readiness to act to a person because of varied experiences. 

Krcch and Crutchfield (1948) : Attitude is an enduring 
organisation of motivational, emotional, perceptual and cognitive 
processes with respect to some aspect of the individual’s world. 

Thurstone (1931) : The concept ’opinion’ will here mean a verbal 
expression of attitude. Opinion is an index of person’s attitude. 

Disaduuntaged Group 

This group involves the Students belonging to SC and ST 


categories. 
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Scheduled Caste 


As per the Aitide. 341 nf the constitution this category includes 
the castes such as Adi-Karnataka, Adi - Dravida, Banjara (Lambam), 
Jadamali, Mochi, Bhovi, Korama, Mogcra, Mundala, Parvan, etc. in 


Karnataka, 


Scheduled Tribe 


As per the Article 342 of the constitution this category includes 
the castes such as Gowdalu, Ilasalaru, Maleru, Kucliya, Malekudi, 
Valmiki, Nayak, etc, in Karnataka, 


Advantaged Croup 
General Category 

The remaining castes such as Brahmins, Jains, Jangams, 
Veerashiva, Raddi, Vaishya, etc., are included in this category in 


Karnataka, 




CHAFFER-IV 


DESIGN OF THE STUDY 

Pursuance of the objectives of the study called for - 

l. Selection of an appropriate method of research; 

ii. Development of logical thinking operation test for 
the assessment of various logical thinking 
opei ations, 

hi. Development ol academic achievement test in 
mathemat ics; 

iv Selection of a sample of students studying in IX 
Standard, 

v. Collection of data; and 

vi. Selection of appropriate statistical techniques for 
Hit' analysis of data. 

The procedures followed in respect of the above six steps are 
described in this chapter. 

4.1 Research Method 

Survey and analytical (descriptive) methods of research were 
found to be appropriate for the present study. 

In the present study, the population consisted of all IX Standard 
students of Kalghatagi taluka studying during 2001-2002. Caste-wise 
and gender-wise details of the population are as follows. 
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Table - 4.1 : Description of the Population (N= 1100) 


Category 

Gender 

No of Students 

Total 

Scheduled Caste 

I toys 

80 

125 


Girls 

45 


Scheduled Tribe 

} toys 

00 

no 


Girls 

[ 

50 


Genet at Category 

Hovs 

040 

865 


Girls 

225 


Total 


noo 

1100 


4.2 Variables of the Study 


The \ anal lies .selected <m the basis of detailed review of related 
liteiatuie are as follows : 

Independent Variables . Logical thinking operations like observation, 
codingpnlrrrncr, application and problem solving. 

Dependent Variable • Academic achievement in mat hematics 

4.2 Data Collection Tools 

4.2.1 Development of Logical Thinking Operations Test in 
Mathematics 

The review id related literature, research studies, 
recommendations of the Commissions and Committees on 
mathematics education helped the investigator t,o arrive at the list of 
logical thinking operations in mathematics. The logical thinking 
operations include observation, coding, inference, application and 
problem-solving. The investigator was specifically given to understand 
that: (t) the available achievement test in mathematics is inappropriate 
to measure the logical thinking operations; and (ii) there was no test 
available to measure the thinking operations in mathematics. 
Therefore, the efforts were made in the present study to develop a 
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logical thinking operations test in mathematics using scientific 
procedure. 

(a) Constructing and / or Pooling of Test Items 

The test items on five logical thinking operations were 
constructed on the basis ol mathematics text-book of IX Standard 
prescribed by the Government of Karnataka. Test, item was 
seleelrd/eonstrueted keeping in mind the thinking operation in 
mathematics, Test item was of multiple choice type with four 
alternative choices. One of those was the correct answer while the 
others were distract its. 

Multiple choice test was selected on the assumption that, it can 
measure a variety of learning outcomes like understanding, 
application, discrimination, interpretation and differentiation of the 
relationship etc, Hence, this lytic of question will avoid the effect of 
mere memory and factual knowledge and thus give more stress on 
thinking. 

The following sources were consulted for construction and /or 
pooling of test items in mathematics : 

i. A textbook of IX Standard mathematics published by 
the Government of Karnataka, Bangalore, 

li. Review of research and / or theoretical underpinnings, 

iii. Other similar tools, 
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iv, Requesting teachers of mathematics teaching at IX 
Standard to write statements, such a process 
ensures content validity, 

v, A Text Hook of Mathematics for, IX Standard- 
published by National Council of Educational 
Research and Training, New Delhi, 1999, and 


vi 


Personal experiences of Ihe investigator and subject 
teachers, 


b) Preparation of Blue Print 


‘ print in Table 4.2 gives Ihe details of Ihe final form of 


Ihe lest in terms of thinking operations, the content and the number 


of questions framed 
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Table - 4.2 : Blue Print for the Construction of a Test on Logical 
Thinking Operations in Mathematics 


SI. 

No. 

Thinking 

Operations 

Topics 

Specifications 

No. of 
Qus. 

Marks 

1. 

Observation 

Polynomial 

Identification of the 

3 




Mensuration of 

Class 





solids 

Identification of 

Q 

10 



Graphs of linear 

characteristic features 

O 



equations 

Location of features 

4 


2. 

Coding 

Congruence 

Locat ion of features 

3 




Graphs of Linear 

with symbols 





equations 

Interpretation of 

a 

10 



Cylinder 

symbols 





Translation in to 
Symbols 

4 


3 

Inference 

Sets ftr. Relations 

Infer the observed 

3 




Krai Number 
System 

Aromatic 

facts 

Identify the correct 
reason 

3 

10 



Approach to 
Geometry Square 

Arrive at a conclusion 

4 


“4. 

Application 

identities Cube 

Using equations 

3 




Sets flr. Relations 

Giving reasons 

3 

10 



Polynomials 

Predicts happening 

4 



Problem- 

Solutions of 

Analyse the problem 

4 



Solving 

Equations in two 

Determining the 





variables 

operations which may 

2 

10 



Trig nometric 

be applied 




Ratios similarity 
& similar 

Triangles 

Arrive at a conclusion 

4 



|c) Screening of Test Items 

A screening committee consisting of representatives of 
mathematics teachers in Secondary Schools, method masters of 
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mathematics in College's ot Education, and lectures in mathematics at 
Degree colleges was formed. 

A lest on logical thinking operations in mathematics with blue 
print was submitted to a group or experts. They were requested to go 
through the dtait keeping in view the following aspects : 

i. The given items will measure the objective 
and the skill required 

u. The language and the use. of vocabulary 

lii. The relevance and suitability of each item 
under each skill 

lv. The specificity and clarity of each test item 

v Suit ability of the distracters used 

This was done with a view to retain one of the synonymous 
items, and the items which could fit into the framework of the logical 
thinking operations. Items which were vague were discarded and 
remaining items were edited to make it clear. 

(d) Writing of Directions 

Suitable and clear instructions to the students were given on 
the top of the each item in each thinking operations. Further, the 
mode of giving response to the various items of the operation was also 
illustrated with specific example. The test was then translated into 
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kannada and was submitted to four experienced teachers to check the 
errors due to translation 

(e) Preparation of the Initial Draft 

The list of sixty two test items was used to prepare a entire 
logical thinking operations based test in mathematics for IX Standard. 
The lest was tried out in 10 high schools in Kalghatagi taluka. In 
order to administer the test, the co-operation of the school teachers 
was sought. The students wen* specifically given to understand that , 
( 1 ) there was I hour lime limit for c ompleting the test; (li) the scores of 
the lest would he used only for research purpose; and (iii) the honest 
and aeeurnte answers of the students to test items would help the 
study in developing a reliable lest in mathematics. The test was 
administered to 100 students studying in IX Standard 

(f) Scoring 

The answers to the lest items were, of the type right or wrong, 
Therefore, one mark was awarded to each right answer given by the 
student Maximum score that could be obtained on each logical 
thinking operation, therefore, would be on an average six to eight 
marks. Sum of the item sores under each operation gave the score on 
each logical thinking operation, The score for each operation was 
calculated separately, 




(g) Item Analysis 

Kfic h test item was subjected to analysis in terms of (i) difficulty 
value, and (ii) item validity. For this purpose, the scores obtained by 
the Ss (n 100) were first arranged in the descending order. The two 
gioups - 'high scoring’ and ‘low scoring’, each composed of 27 per cent 
of the 100 sample, tunned the basis for the computation of difficulty 
and validity indices 

i. Difficulty Index 

The diltu'ultv value of each test item was determined by using 
the tallowing lot inula : 

n 1,11 
> 

Where, 

1) dithrulty value ol lhr item; 

IJ percentage of students scoring the item 
cot redly in the upper or higher scoring 
group; and 

L percentage of students scoring the item 

correctly in the lower or low scoring group. 

The difficulty values of the test items are shown in the 

Table - 4.3. * 

ii. Item Validity 

For determining item validity, numerous indices and procedures 
are available. In the present study, the correlation approach, 
correlating the item score with the test score was followed. For 
computing item test correlation the ‘Point-biserial correlation method 
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Table - 4.3 : Difficulty Index and Discrimination Index of the Logical 
Thinking Operations Test in Mathematics for IX 
Standard 


Item 

Upper | 

nrm i n S 

Lower 

i* rn \ i n 

Difficulty 

Discrimination 

Significance 

No. 

Score | 

Seore 

Index 

Index 

at 0,05 level 

1 

2 

. : 

4 

5 

6 1 

1 

22(81.48) ' 

16(59.25) ! 

: 

70.37 

0.28 

Yes 

2 

26(96.30) 1 

22(8 1 49) 

88.90 

0.26 

Yes 

3 

06(22.22) 

02(07.40) 

14.81 

0.31 

Yes 

4 

15(55.55) 

07(25.92) 

40.73 

0,30 

Yes 

r> 

07(25.92) 

0 1(03.70) 

14.81 

0.51 

Yes 

f) 

18,(06.67) 

07(25.92) 

46.29 

0.41 

Yes 

7 

09(33.33) 

04(14.81) 

24.07 

0.27 

Yes 

H 

21(77.78) 

1 1(40.7 1) 

59.20 

0.38 

Yes 

" 

06(22.22) 

02(07.40] 

14.81 

0.31 

Yes 

10 

17(fi 2..97) 

09(33.33) 

48.15 

0.29 

Yes 

11 

23(85.18) 

16(59.25) 

72.21 

0.34 

Yes 

12 

17(62.97) 

05(18.51] 

40.71 

0.47 

Yes 

13 

17(02,97] 

10(37.03) 

49.10 

0.25 

Yes 

14 

19(70.37] 

13(48.14) 

59.30 

0,25 

Yes 

13 

25(92.59] j 

18(06.07] 

79.63 

0.34 

Yes 

16 

15(55.53) 

08(29.02) 

42,58 

0.25 

Yes 

17 

07(25.92) ] 02(07.40] 

10.67 

0.36 

Yes 

18 

17(62.92) 

09(33.33) 

48.12 

0.29 

Yes 

19 

12(44.44] 

01(03.70) 

24.07 

0.63 

Yes 

20 

08(29.62) 

02(07.40) 

18,51 

0.40 

Yes 

21 

08(29.62) 

01(03.70) 

16,67 

0.55 

Yes 

22 

14(51.84) 

03(11.11) 

31.48 

0.48 

Yes 

23 

23(85.18) 

16(59.25) 

72.21 

0.34 

Yes 

24 

20(74.07) 

14(51.84) 

62.97 

0.26 

Yes 

25 

14(51.84) 

02(07.40) 

29.62 

0.56 

Yes 
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Con tel .. 


1 

2 

3 

4 

5 

6 

26 

08(29.62) 

01(03.70] 

16.67 

0.55 

Yes 

27 

22(81,48) 

17(62.92) 

72.20 

0.25 

Yes 

28 

15(55.58) 

08(29,62) 

42.58 

0.25 

Yes 

29 

16(59.25) 

07(25 92) 

42 59 

0.33 

Yes 

30 

10(37.03) 

04(14 81) 

25 92 

0.31 

Yes 

31 

18(66.67) 

07(25.92) 

46.30 

0.41 

Yes 

32 

25(92.60) 

18(60.67) 

79.64 

0.34 

Yes 

33 

20(74,07) 

08(20.62) 

51.85 

0.44 

Yes 

34 

17(62.92) 06(22.22) 

( 

42 57 

0.42 

Yes 

36 

24(88 89) 

08(29.62) 

59 26 

0.57 

Yes 

36 

22(81 48) 

10(37.03) 

59 26 

0.47 

Yes 

37 

22(81.48) 

02(07.40) 

44.44 

0 76 

Yes 

38 

21(77,78) 

08(20.62) 

53.70 

0.49 

Yes 

39 

26(96.30) 

12(44.44) 

72.22 

0 59 

Yes 

40 

16(59.62) 

02(07.40) 

33.51 

0.61 

Yes 

41 

17(62.92) 

03(11.11) 

37.02 

0.57 

Yes 

42 

18(66.67) 

05(18.51) 

42.59 

0.49 

Yes 

43 

2 1 (77.78) 

08(20.62) 

53.70 

0.49 

Yes 

44 

14(51.84) 

03(11.11) 

31.48 

0.48 

Yes 

45 

13(48.14) 

03(11.11) 

29.63 

0.48 

Yes 

46 

15(55.55) 

07(25.92) 

40,74 

0 30 

Yes 

47 

11(40.74] 

01(03.70) 

22.22 

0.61 

Yes 

48 

19(70.37) 

05(18.51) 

44.44 

0.53 

Yes 

49 

18(66.67) 

08(29.62) 

48,15 

0.37 

Yes 

50 

16(59.62) 

04(14.81) 

37.22 

0.48 

Yes 


(h) Final Tool 

Items with 100 per cent and 0 per cent difficulty value and 
items with less than 0.25 validity coefficients were deleted (Thorndike, 
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1906, p. 245). Such items must be carefully examined for 
ambiguities, inaccuracies and other errors. As a result of the final 
analysis - determination of TV values, no item was omitted. However, 
as a result of the second analysis -determination of V’ values, Item 
Nos. 4, 5, 7, tS, 1 1, 14, 17, 22, 21, 35, 49, 53 were omitted, The final 
tool consisted ol 50 multiple choice items with a total score of 50. The 
directions lor using the test were found to work well and were retained 
without modification, See Appendix -1 for the final tool along with the 
diieetions. 

(i) Reliability of the Test 
i, Coefficient of Stability 

The coefficient of stability of the test was determined by the test- 
retest method. For this purpose the test was administered to a 
random sample of 50 students out of 100 involved in the first tryout 
two weeks after (tie first administration. Then correlation between the 
test and retest scores was computed. The coefficient of correlation 
between the two sets of scores on the test was found to be 0.972 
which is quite significant at 0.05 level. This implies that the test has 
stability reliability. 

it. Coefficient of Consistency 

The coefficient of consistency of the test was determined by the 
split-half method. For this purpose, scores obtained on 
re-administration of the test to the 50 Ss involved for determining 
stability reliability value were used. The total scores were divided into 
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two halves - one relating to odd numbered items and the other to even 
numbered items. The obtained coefficient of correlation between the 
scores on the halves was corrected for full length of the test by means 
of Spcarman-Hrown prophecy formula. The coefficient of consistency 
of the test was found to be 0.60 which is significant at 0.05 level, This 
implies that the test has consistency reliability 

(j) Validity 
i. Construct Validity 

t'onstrurl validity of the test was determined by establishing the 
correlation between each logical thinking operation with that of total 
achievement in mathematics. An operation that correlates 
significantly with total achievement in mathematics would be said to 
have construct validity. The obtained validity coefficients are as 
lollows : 


Observation 0,664 

Coding —0 804 

Inference — 0.735 

Application — 0.521 

Problem-solving — 0.583 


This implies that all the logical thinking operations are having 
positive and significant correlation with the total achievement in 
mathematics. Thus, construct validity of the test is established. 




it. Intrinsic Validity 

Inhinsir Validity of the test was computed from its reliability 
corllieienls ((ruiltord, 1 f )fv 1, p. 300). The mnge of validity coefficients 
was between 0,7bo to 0.03b which speaks of the intrinsic validity of 
thi’ test. 

iii. Content Validity 

Five mat hematics teachers of IX Standard acted as judges in 
establishing content validity of (he test. They examined the test items, 
the t nmpichetiMvoness ol the test, adinimsl 1 at ion procedure and the 
seining l:e\ tor lelcvnnce and plausibility. The judges were fully 
satislied with the iclevance ol the test itiuns, comprehensiveness, 
admmislniiioii proiedme and lh<* scoring iiroceclure, This implies 
that the ‘Logical Thinking (tperalion Tesl in Mathematics’was found 
to he eompieheusive and relevant. 

(k) Adm inistration of the Test 

The final lorm of the test on ‘Logical Thinking Operations in 
Mathematics’ was administered to 30 students in each school and 303 
students of IX Standard studying in Aided, Government, and Un- 
Aided schools located in the area of Kalghatagi taluk of Dharwad 
district, Duration of the test was sixty minutes only. 

4.3 ^Construction of an Attitude Scale towards Mathematics 

To measure the attitude of IX Standard students towards 
mathematics, the investigator constructed an attitude scale. 
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Attitude is one’s disposition towards particular object, event or 
person. It can be favourable, unfavourable or natural. Attitudes can 
be measured by (i) observing behaviour, (ii) asking subjects to respond 
to partially structured situations, (iii) setting them to perform certain 
tasks, or (iv) using sell-report techniques. 

In the last technique, which uses opinions as an index of the 
individual's attitude, subierls respond to a set of carefully selected 
statements from a universe of eonlent. This technique was adopted to 
construct an attitude scale. 

There are a number of self reporting techniques. The most 
popular among them are Thurstone’s equal appearing intervals, 
Guttman’s sealogram analysis and Likert’s method of summated 
rating. The last method was used in the construction of an attitude 
scale. In a biker! type attitude scale, preliminary trial is given to a 
series of statements, half of which are favourable and the others are 
unfavourable. The responses of these statements could be ‘strongly 
agree’, ‘agree’, ‘undecided’, ‘disagree’ or ‘strongly disagree’. 

The following are the steps involved in the development of the 
Likert scale : 

i. Obtaining statements 

ii. Editing the statements 


iii. Try-out 
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a. Construction oflht* scale 
1), Scoring 
c. Item analysis 

iv Establishing reliability and validity 

v. Interpretation of the scores 

i. Obtaining Attitudinal Statements 

The following were the sources consulted : 

a. Review ot research and / or theoretical underpinnings. 

1). Other siniilai tools like : 

i An Attitude Scale for Mathematics by 

H. G. Desai 

ii. Mathematics Attitude Scale by 

Mulkh Raj Tuli 

e. Requesting representative members of the target group to 
write statements. Such a process ensures content validity. 

d. Personal experience. 

It was decoded to consider the following aspects for construction 
of an attitude scale towards mathematics. They were : 

1. Attitude towards mathematics teacher 

2. Attitude towards methods of teaching 
mathematics 

3. Attitude towards mathematics text book 

4. Attitude towards mathematics syllabus 

5. Attitude towards evaluation in mathematics 

6. Attitude towards mathematics as a subject 
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ii, Editing the Statements 

1. Statements are clearly edited keeping in view 
certain criteria. 

2. The items are designated as either positive or 
negative. If an item cannot be perceived clearly as 
being either positive or negative, such a statement 
was discarded. 

3 The wording of the statement should suit 
grammatically the words chosen to indicate the 
degree of favourableness on the continuum. 

4, The statements were, classified into different sub- 
scales or areas 


iii. Try-out 

(a) Construction of the Scale 

Corresponding to each of the attitudinai object, suitable 
specifications were written and a number of statements were prepared 
tinder each category, including both favourable and unfavourable 
altitudes. The initial collection of eighty-five items contained fourty 
three positive and fourty two negative statements, 

The initial draft of the scale was then submitted to a group of 
experts in the field of Teacher Education. They were asked to evaluate 
the statements keeping in mind the following aspects : 

i. Accuracy and relevance of each statement 

ii. Ixivel of language according to the standard of students 


iii. Objectivity and specificity 
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According to (heir suggestions, some of the items were deleted 
in order to hove ccjual number of positive and negative statements 
i'he final form of the scale consisted of seventy four statements, thirty 
seven negative! and thirty seven positive. 


Table - 4.4 : Blue Print Showing the Nature of the Statements and 
Number of Statements in the Attitude Scale 


Category 

“ 

Nature of the .Statement 

No, of 
Statements 

_ 1 

1 

2 

3 

I. Mathematics 
Teacher 

Understanding mathematics is very easy 
which i.s full of digits and numbers, (+) 



2 

* 

Mai hematics creales interest. (+) 



3. 

Mathematics is boring as it involves 
imaginary aspects. (-) 



4, 

Teaching mathematics in class room 
initiates bunking it, (-J 



5. 

Giving mathematics more time and 



i. . . 

working on it helps to gain mastery over 
il. (+| 



6. 

Mathematics includes old concepts, 
therefore, it is a headache. (-) 



7, 

Mathematics docs not move with time 
and includes only old topics. (-) 



8. 

Solving Geometrical problems helps the 
mind to be enthusiastic. 



q. 

More often mathematics involves only 
Problem-solving so it bores. (-) 



10, 

Since mathematics contain algebra, 
geometry, therefore various numbers 
can be learnt. (+] 



li. 

Teaching mathematics helps the mind 
to be active. (+) 



12. 

As mathematics contains more 
numbers, therefore it creates confusion 
during teaching in class, (-) 



13. 

Teaching mathematics in class room 
arises fears. (-) 




13 
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Cont.. 


1 


2 

3 

II. 

Methods or 

14. 

Teaching maths with help of graphs is 
very interesting. j+] 


Teaching 

Mathematics i 

S 

IS. 

Mathematics also includes Angles, 
Triangles, Graphs etc., which makes it 
interesting to teach. (+) 


i 

i 

\ 

10. 

Problems of Algebra and their teaching 
have failed to arise, interest in 
students. (-] 


i 

\ 

17. 

Teaching GeomeUy with Geometrical 
apparatus creates a good impact. (+) 


'i 

i 

18. 

Teaching maths in classroom or in a 
confined room is less influential. (+) 


no. 

1 

Teaching theorems in geometry has 
increased interest in students, (+) 


j 

! 

20. 

Teaching mathematics sequentially 
results in eifectivcncss. (+) 


! 

21 

The problems in algebra are. more 
complex. Therefore teaching of 
mathematics is not successful. (-) 



22. 

Teaching mathematics through various 
models helps for effective teaching. (+) 


I 

23, 

Mathematics fails to draw the. interest of 
the student, as it is more practical 
oriented, (-) 
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III 

24, 

Text book of mathematics being 


Malhemat ies 


attractive arises interest in students to 


text book 


study. (+] 



25. 

Maths textbooks cover has on its top, 
figures of scale, triangle, rubber, divider 
etc*., make it attractive,. (+) 



20, 

Covers of maths textbook are very thin 
and are of poor quality. (-) 



27. 

The last cover of maths textbook does 
not have any figure on it, so the 
textbook loses its beauty. (-) 



28~ 

The maths textbook is not finely 
printed. (-) 



29. 

The maths textbook is attractive 
because it contains algebra and 
geometry. (+1 



30” 

The national anthem should be printed 
in first page of mathematics textbook, 
but it is not so, therefore it is not good, 

____ 
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Coni. .. 


1 

* i l 

j ' 

I'nnimj* nf the rules and regulations 
incriiit ini a cifi/ni fin the last page of 
maths textbooks helps the .students to 
mulct stand their responsibilities. (■ 

The picture printed on the front page oT 
maths textbook helps students to 

3 


32, 

- 


t 

improve creativity towards maths. (+] 



33. 

i he pages used for printing of maths 
textbook are of low quality. (+] 



34. 

ihe photogiaphs of mathematics 
.scientists could have been printed on 
last page but it is not so, therefore it is 
not good. ( 1 



My 

Ihe textbook of inaths helps the, 
stiitlenis tfi solve their problems and 
test their mental ability. (+) 



,{(». 

Mr. 

Ihe maths textbook has a high price 
which is burden on the students. (-) 



1 ext hook includes more matter about 
blindness, therefore it has failed to draw 
com miration of students. (-) 



3H. 

Along with numbers, maths textbook 
also contains figures, therefore, it is 
nunc attractive. (+j 



34 

The index in maths textbook is in 




sequential order and in good form. (+) 



40, 

As maths textbook gives details about 
theorems of geometry, it draws student’s 



1 

» 

attention. [*] 


— 

j 


17 

IV. 

Mathematics 

Syllabus 

41. 

1 

The subject index do not contain 
figures, therefore it has failed to draw 
attention of students. (-) 



142. 

As maths contain algebra, arithmetic, it 
is helpful for students to understand 
more about numbers. (+) 



43, 

Understanding maths with the help of 
graphs makes it more attractive, (+) 



44, 

The maths subject does not have 
attractive coloure pictures. (-) 



45. 

The subject of maths does not have 
many examples so it is not valid. (-) 



46, 

The maths subject does not have topics 
on Indian mathematicians, so it fails to 
impress students. (-) 






Coni... 


V, Evaluation 
in Mathematics 


07 




4'). 
; i 0. 


I 



1 


i 

mi. 


Tv\ 



oh. 

i 



Thf' subject of maths has no "units 
wliirlj could enhance the students 
mental abilities. (•] 

The subject of maths has numbers and 
digits, which helps students in 
understanding it, (+) 

The subject ol maths has no Is.sues 
which relate with the modern world. (-1 
With the help of mathematics one can 
hove easy transactions in day today 
lite. (*] 

Mathematics has helped students to~ 


gain absolute answers. (+] 

As maths contains more about ~ 
numheis, therefore it has failed to evoke 
interest among students. [-] _ 

Hv giving assignments to'studenTs of 
previous chapters it helps them to 
understand next chapter more clearly. 
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\ j t * ______ 

Using black boards for evaluation of 
mathematics is very useful. 

Directing students to solve problems of 


algebra, arithmetic, geometry helps in 
effective evaluation, (+) 

All students solve problems in different 
manner, methods and arrive at different 
conclusions so evaluation fails. (-) 
Mathematical evaluation includes only 
practical knowledge so it fails to arose 

interest in st udents. (-) _ 

Evaluation in maths helps in developing 
knowledge about numbers among 

students. (+}_ 

Asking more questions regarding 
numbers during evaluation has failed to 

draw student's attention. (-) _ 

Evaluation in maths helps students to 
understand problems in day-today 

life. (+)_ 

Evaluation in mathematics has helped 
students in developing knowledge 
relat ed to business. (+) _ 
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Coni 


1 



2 

3 


h:i 

As mathematics deals only with numbers, 
if fails to create desirable attitude towards 
the subject (-] 



■;« 

i 

>3 

In the subject of mathematics as same 
pattern of questions exist, it fails to 
draw the attention of the students. (-) 



,< 

i 

I 

>4, 

Kvaluation in maths contains no 
questions which concrete interests 
among students. (-) 



5 



12 

VI 

Mathematics a 
a Subjerl 

s 


Study of ninths helps the students in 
solving mathematical problems in day- 
to-day life, (+) 



t)(> 

Study of maths helps the. students to 
improve their mental ability and 
discipline. (*•) 



07. 

i 

1 

i 

Study ot matheinatic.vS has failed to 
develop aesthetic ability among 
students. (•) 



V)8. 

Study of maths has failed to make the 
student for proper use of their leisure 

(-)• 



(V). 

Study of maths helps student to solve 
problems independently. (+) 



■70. 

f 

! 

Study ol maths helps students to 
understand the concepts ol maths as 
well as its correlation with other 
subjects, [i] 




71. 

Study of maths helps the student to 
improve their moral status and helps 
them to lead ideal life. (+) 




72, 

Study of maths help students to 
understand the relation of maths in 
developing culture and civilization. (+) 




73.. 

" Study of maths has failed to teach 
student to lead simple and good life. (-) 




74. 

Study of maths has failed to teach 
student to study other subject in higher 
education in maths. H 

/ 

_ t 





iQ .J 
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b. Scoring 

The. subject is required to respond to each statement on the 5- 
point scale - ‘Always’, ‘Often’, 'Sometimes', ‘Rarely’ and ‘Never’ - in 
such a way as to describe the way in which he generally thinks about 
the mathematics subject The responses of the subject were assigned 
numerical values as in Likert type ranging from 1 to 5 depending upon 
the degree of favourable or unfavourable attitude expressed, Positive 
statements were scored 5, 4, 3, 2, or 1 and negative statements 1, 2, 
3, 4, or 5 depending upon the response of the subject to the 
statements. Sum-total of all the scores represents the individual’s 
attitude towards mathematics. The total weighted score, if high, 
indicates a favourable', attitude and if low, an unfavourable attitude 
towards mat hemat ies. 
c. Item Analysis 

The draft attitude scale in administered to a representative group. 
The filled m forms are scored and arranged in a descending order, 

The. top 27% and the bottom 27% of the forms are considered 
for item analysis the items, which discriminate between individuals 
with favourable attitudes from individuals with unfavourable attitude 
have to be selected. For this purpose the t-test is used, the procedure 
recommended by Edwards (1969) was used, Items with t-values equal 
to or greater than 1,75 were selected. 
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The nature of statements, t - values and their significance are 
given the following table : 


Table - 4,5 : Nature of Statement, ‘t ! Values and Significance 


SI. 

No 

Nature of the Statement 

Walue 

Significance 

1 

2 

3 

4 

1 

Understanding mathematics is very 
easy which is full of digits and 
numbers. 

1.75 

Yes 

2 

Mathematics creates interest 

3.97 

Yes 

3 

Mathematics is boring as it involves 
imaginary aspects. 

5.43 

Yes 

4 

Teaching mathematics in class room 
initiates bunking it. 

1.79 

Yes 

5 

Cbvmg mathematics more time and 
working on it helps to gain mastery 
over it. 

5.34 

Yes 

0 

Mathematics includes old concepts, 
therefore, it is a headache. 

2.84 

Yes 

7 

Mathematics does not move with time 
and includes only old topicas. 

3,91 

Yes 

8 

Solving Geometrical problems helps 
the mind to be enthusiastic. 

3.44 

Yes 

9 

More often mathematics involves only 
Problem-solving so it bores. 

3,23 

Yes 

10 

Since mathematics contain algebra, 
geometry, therefore various numbers 
can be learnt. 

1.86 

Yes 

11 

Teaching mathematics helps the 
mind to be active. 

2,67 

Yes 

12 

As mathematics contains more 
numbers, therefore it creates 

confusion during teaching in class, 

3.00 

Yes 

13 

Teaching mathematics in class room 
arises fears, 

3.23 

Yes 

14 

Teaching maths with help of graphs 
is very interesting. 

3.97 

Yes 

15 

Mathematics also includes Angles, 
Triangles, Graphs etc., which makes 
it interesting to teach. 

2.84 

Yes 

16 

Problems of Algebra and their 
teaching have failed to arise interest 
in students. 

1.75 

Yes 
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Cont. 


1 

2 

3 

4 

17 

Teaching Geometry with Geometrical 
apparatus creates a good impact, 

1.75 

Yes 

18 

Teaching maths in classroom or in a 
confined room is less influential. 

3.09 

Yes 

19 

Teaching theorems in geometry has 
increased interest in students. 

1.75 

Yes 

20 

Teaching mathematics sequentially 
results in effectiveness 

1.75 

Yes 

21 

The problems in algebra are more 
complex. Therefore teaching of 

mathematics is not successful. 

2.82 

Yes 

22 

Teaching mathematics through 

various models helps for effective 
teaching. 

2.20 

Yes 

23 

Mathematics fails to draw the interest 
of the student as it is more practical 
oriented. 

2.21 

Yes 

24 

Textbook of mathematics being 
attractive aroses interest in students 
to study 

3.05 

Yes 

25 

Maths textbooks cover has on its top, 
figures of scale, triangle, rubber, 
divider etc., makes it attractive. 

1.75 

Yes 

26 

Covers of maths textbook are very 
thin and are of poor quality. 

1 75 

Yes 

| 

The last cover of maths textbook does 
not has any figure on it, so the text 
book loses its beauty. 

1 75 

Yes 

wM 

The maths textbook is not finely 
printed. 

2.66 

Yes 

29 

The maths textbook is attractive 
because it contains algebra and 
geometry. 

3.37 

Yes 

30 

The national anthem should be 
printed in first page of mathematics 
textbook, but it is not so, therefore it 
is not good. 

3.71 

Yes 

31 

Printing of the rules and regulations 
meant for a citizen on the last page of 
maths textbooks helps the students 
to understand their responsibilities. 

2.19 

Yes 

32 

The picture printed on the front page 
of maths textbook helps students to 
improve creativity towards maths. 

1,75 

Yes 
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Cont 


1 

2 

3 

4 

33 

The pages used for printing of maths 
textbook are of low quality. 

2.59 

Yes 

34 

The photographs of mathematics 
scientists could have been printed on 
last page hut it is not so, therefore, it 
i«s not good 

2.11 

Yes 

35 

The textbook of maths helps the 
students to solve their problems and 
test their mental ability. 

3 43 

Yes 

36 

The maths textbook has a high price 
which is burden on the students. 

1.75 

Yes 

37 

Textbook includes more matter about 
blindness, therefore it has failed to 
draw concentration of students 

4.12 

Yes 

38 

.39 

40 

Along with numbers, maths textbook 
also contains figures, therefore, if is 
more attractive. 

5.25 

Yes 

The index in maths textbook is in 
sequential order and in good form. 

2.45 

Yes 

As maths textbook gives details about 
theorems of geometry, it draws 
student’s attention. 

1.75 

Yes 

41 

The subject index do not contain 
figures, therefore it has failed to draw 
attention of students. 

2.14 

Yes 

42 

As maths contain algebra, arithmetic, 
it is helpful for students to 
understand more about numbers. 

4.24 

Yes 

43 

44 

Understanding maths with the help of 
graphs makes it more attractive 

2,39 

Yes 

The maths subject does not have 
attractive coloure pictures. 


Yes 

45 

The subject of maths does not have 
many examples so it is not valid. 

2.33 

Yes 

46 

The maths subject does not have 
topics on Indian mathematicians, so 
it fails to impress students. 

3.94 

Yes 

47 

The subject of maths has no units 
which could enhance the students 
mental abilities. 

1 75 

Yes 

48 

The subject of maths has numbers 
and digits, which helps students m 
understanding it. 

2.78 

Yes 

49 

The subject of maths has no issues 
which relate with the modern world. 

3.33 

Yes 
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Cont... 


1 

2 

3 

4 

50 

With the help of mathematics one can 
have easy transactions m day today 
life, 

2.96 

Yes 

51 

Mathematics has helped students to 
gain absolute answers. 

1.75 

Yes 

52 

As maths contains more about 
numbers, therefore it has failed to 
evoke interest among students. 

4.49 

Yes 

53 

By giving assignments to students of 
previous chapters it helps them to 
understand next chapter more 
clearly. 

3.10 

Yes 

54 

Using blackboards for evaluation of 
mathematics is very useful. 

2.67 

Yes 

55 

Directing students to solve problems 
of algebra, arithmetic, geometry helps 
in effective evaluation. 

1 75 

Yes 

56 

All students solve problems in 
different manner, methods and arrive 
at different conclusions so evaluation 
fails. 

3.00 

Yes 

57 

Mathematical evaluation includes 
only practical knowledge so it fails to 
arise interest in students. 

4.52 

Yes 

58 

Evaluation in maths helps in 
developing knowledge about numbers 
among students. 

4.18 

Yes 

59 

60 

Asking more questions regarding 
numbers during evaluation has failed 
to draw student’s attention. 

3.63 

Yes 

Evaluation in Maths helps students 
to understand problems in day-to-day 
life. 

1.89 

Yes 

61 

Evaluation in mathematics has 
helped students in developing 

knowledge related to business. 

1.75 

Yes 

62 

As mathematics deals only with 
numbers, it fails to create desirable 
attitude towards the subject. 

5.29 

Yes 

63 

In the subject of mathematics as 
same pattern of questions exist, it fails 
to the draw attention of the students. 

3.23 

Yes 

64 

Evaluation in maths evaluation 
contains no questions which concrete 
interests among students. 

1.87 

Yes 
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Cont.. 


1 

2 

3 

4 

65 

Study of mnths helps the students in 




solving mathematical problems in 
day-to-day life. 

3.09 

Yes 

66 

Study of maths helps the students to 
improve their mental ability and 
discipline. 

3.43 

Yes 

67 

Study of mathematics has failed to 
develop aesthetic ability among 
students. 

3.09 

Yes 

68 

Study of maths has failed to make the 
student for proper use of their 
leisu re. 

4.11 

Yes 

69 

Study of maths helps student 1o solve 
problems independently. 

2.18 

Yes 

70 

Study of maths helps students to 
understand the concepts of maths as 
well as its correlation with other 

1.75 

Yes 


subjects. 



71 

Study of maths helps the student Lo 
improve, their moral status and helps 
Lhem to lead ideal life. 

2.70 

Yes 

72 

Study of maths help students to 
understand the relation of maths in 
developing culture and civilization. 

1,75 

Yes 

73 

Study of maths has failed to teach 
student to lead simple and good life. 

2.33 

Yes 

74 

Study of maths has failed to teach 
student to study other subject in 
higher education in maths. 

1.82 

Yes 



Note' : Statements with V values equal to or greater than 1.75 were selected. 


iv. Establishing Reliability and Validity 
a. Coefficient of Stability 

The coefficient of stability of the scale was determined by the 
test-retcst method. For this purpose, the scale was administered to a 
random sample of 50 students out of 100 involved in the first tryout 
two weeks after the first administration. Then correlation between the 
test and retest scores was computed. The coefficient of correlation 
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between the two sets of semes on the scale was found to be 0.66 
which is t[itit(' sigmh< ant at 0.0:1 level. This implies that the scale has 
stability reliability. 

b. Coefficient of Consistency 

The coefficient of consistency of the scale was determined by the 
split-half method, Fm this purpose, scores obtained on re- 
admmistration ot the scale lo 100 S.s involved in determining stability 
reliability were usetl. The total scores were divided into two halves- 
onc: relating to odd numbered items and the other to even numbered 
items. The obtained coefficient of correlation between the scores on 
the halves was corrected for full length of scale by means of 
Spearman-Brown prophecy formula. The coefficient of consistency of 
the scale was found to be 0,89 which is significant at 0,05 level. This 
implies that the scale has consistency reliability. 

c. Intrinsic Validity 

Intrinsic validilv of the scale was computed from its reliability 
coefficients (Guilford, 1954, p. 399). The range of validity coefficients 
was between 0.812 and 0.943 which speaks of the intrinsic validity of 
the scale 

d. Content Validity 

Five teachers of mathematics acted as judges in establishing 
content validity of the scale, They examined the statements, the 
instructions and the scoring procedure. They were fully satisfied with 
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the relevance and plausibility of the statements and the scoring 
procedure They were also satisiied with the adequate coverage of the 
altitudinal areas in mathematics. This implies that the attitude scale 
towards mathematics was found to be comprehensive and relevant. 
See Appendix - II for the scale along with the directions. 

4.3.3Development of Academic Achievement Test in Mathematics 

Since the available tests for the assessment of academic 
achievement in mathematics of IX vStandard were not found to be 
satisfactory in terms of their comprehensiveness and relevance. The 
academic achievement test in mathematics test was developed using 
the standard scientific: procedure 

The procedure used for the construction and validation of 
achievement test is described : 

In all 50 items were lusted under three areas of mathematics 
such as algebra, arithmetic and geometry. 

a. Constructing and / or Pooling of Test Items 

The test is to be administered to students who are studying in 
secondary schools of Kalghalagi taluka (Dharwad district) whose 
mother tongue/regional language is Kannada. Hence, the test items 
in mathematics arc written in regional language only. 

The following sources were consulted for construction and / or 
pooling of test items in mathematics : 
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i. A irxlbnok of IX Standard mathematics published by 
tht' Government of Karnataka, Bangalore, 

ii. Review of research and / or theoretical underpinnings, 

hi. Other similar tools, 

iv. Requesting representative teachers of mathematics to 
write test items, (such a process ensures content 
validity), 

v. A textbook of Mathematics for IX Standard published by 
National Council of Educational Research and Training, 

New Delhi, and 

vi. Personal experience of the investigator and subject 
teachers. 

b. Preparation of Blue - Print 

A three dimensional blue-print showing coverage of content, 
instructional objectives and types of items was prepared by referring 
to the IX Standard textbook of mathematics, The blue-print is as 


follows : 
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Table - 4.6 : Blue-Print for the Academic Achievement Test in 
Mathematics 


SI. OBJECTIVES KNOWLEDGE 

No -—- 

Specifications 


ARITHMETIC 


UNDERSTAND¬ 

ING 




APPLICATION 




SKILL 


1 

Number 

System 

2(2) 

2 

Sets and 
Relations 

‘m 

3 

Ordered Pans 

mi) 

4 

Functions 

KD 

5 


H 


ALGEBRA 


Factorization 


Polynomial 


8 Algebraic 
Expressions 


Solutions of 
Equations in 
two Variables 


GEOMETRY 


10 

Revision 

Exercise 

11 

Congruence 

12 

Aiomatic 
Approach to 
Geometry 
Square 

13 

Graphs of 

Linear 

Equations 

Type y = mx, 

Y= mx + c 



15 Surface Area 

and Volumes 6(g) 


of Solids 


TOTAL 



25 (25) 


* Figures out side the brackets indicate the marks 

* Figures within the brackets indicate the number of questions 

* O - Objective type, S - Short answer type, E - Essay type. 
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Table - 4.7 : Preparation of Three-Dimensional Chart 

Objective Weightage 


SI, No 

lu.slru-'linji.'ij t)])jrr dvrs 

Marks 

Percentage 

1 

Knowledge 

25 

50 

2 

Understanding 

14 

28 

3 

Application 

06 

12 

4 

Skill 

05 

10 

Total 

50 

100 


Content Weightage 


SI. No. 

Content / Sub-Unit 

Marks 

Percentage 

1 

Arithmetic 

14 

28 

2 

Algebra 

09 

18 

3 

Geometry 

27 

54 


Total 

50 

_ 

100 


Question Type Weightage 


SI. No.. 

Type of Question 

Marks 

Percentage 

F 

Objective Multiple. Choice 

50 

100 


Questions 




Total 

50 

100 


c. Screening of Test Items 

The preliminary pool consisted of 61 test items. The pool was 
screened for discarding synonymous test items, As a result of this 11 
test items were rejected and a pool of 50 test items remained. Thus 
the pool of 50 test items was ready for tryout and item analysis. 
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d. Writing of Directions 

Suitable directions were given on the top of the each test item. 
Further, the mode of giving response to the various items was 
illustrated with specific example. 

e. Tryout 

Before constructing the test items, the investigator has done a 
thorough study of the methodology and objectives of mathematics. 
The initial test was tried out m two secondary schools in Kalghatagi 
taluka, In order to administer the test, the co-operation of the school 
teachers was sought. The students were specifically given to 
understand that : (i) the test is of one hour duration; (ii) the scores of 
the test will be used only for research purpose; and (iii) the honest and 
accurate answers of the students to test items will help the 
investigator in developing a reliable test m mathematics. 100 
students studying the IX Standard in the Government High School, 
Kalghatagi and S. 13. E3. High School, Bammigatti were asked to 
respond to the test items. 

f. Scoring 

The test items were of the multiple-choice types with four 
alternative choices. The student has to identify the correct answer. 
One mark was awarded to each right answer given by the student. 
Sum of the item scores was the score on academic achievement in 
mathematics. The score for each student was calculated separately. 




g. Item Analysis 


Each test item was subjected to analysis m terms of i) difficulty 
value, and u) item validity. For this purpose the scores of 100 Ss 
taken for the tryout were selected The scores of the Ss (n = 100) were 
first arranged in the descending order The two groups - Tiigh scoring' 
and ‘low scoring’, each composed of 27 per cent, i.e., 27 of the Ss of 
the sample 100 formed the basis for the computation of validity and 
difficulty indices. 

For determining item validity, numerous indices and procedures 
arc available. In the present study the correlation approach, i.e., 
correlating the item score, with the lest score was followed. For 
computing item test correlation the ‘Point-biserial correlation method’ 
(Guilford, 1954, p. 427) was used. The choice of this method was 
based on two considerations : (l) One of the variables, namely, item 
score is in the. form of genuine dichotomy (1 or 0) ; (ii) Labour saving 
'abac' is developed by Guilford for determining estimates of rpbis, 

The item validity values of the test items are shown in the 
Table - 4.8. 

The difficulty value of each test item was determined by using 
the following formula : 

D="±F 

2 

Where, D = difficulty value of the item; 

U = percentage of students scoring the item correctly 
in the upper or higher scoring group; and 

L — percentage of students scoring the item 
correctly in the lower or low scoring group. 
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Table -4.8 : Discrimination Index and Difficulty Index of 
Achievement Test in Mathematics for IX 
Standard 


Test 

Item 

Upper 

Limit 

. m 

Lower j 
Limit 

I Jiscnmination 
Index 

Difficulty 

Index 

Significance 
at 0,05 level 

1" 1 

2 

3 

4 

5 

6 

1 

44 

12 | 

0,48 

28.0 

Yes 

2 

67 

37 

0,34 

52,0 

Yes 

3 

27 

00 

0,52 

13.5 

Yes 

4 

96 

I 

78 

0,35 

87.0 

Yes 

5 

66 

44 

0,29 

55.0 

Yes 

6 

75 j 

07 

0.72 

41.0 

Yes 

7 

6! j 

30 

0,39 

45.5 

Yes 

8 

93 

59 

0.46 

76.0 

Yes 

9 

67 

37 

0.39 

52.0 

Yes 

10 

30 

07 

0.36 

18.5 

Yes 

11 

78 

44 

0.44 

61.0 

Yes 

12 

64 

22 

0.51 

43.0 

Yes 

13 

47 

07 

0.53 

27.0 

Yes 

14 

33 

04 

0.49 

18.5 

Yes 

15 

74 

26 

0.55 

50.0 

Yes 

16 

78 

59 

0.25 

68.5 

Yes 

17 

37 

19 

0.27 

28.0 

Yes 

18 

85 

48 

0.48 

66,5 

Yes 

19 

81 

52 

0.39 

66.5 

Yes 

20 

41 

07 

0.48 

24.0 

Yes 

21 

74 

33 

0,49 

53,5 

Yes 

22 

52 

07 

0,56 

29.5 

Yes 

23 

74 

33 

0.49 

53.5 

Yes 

24 

52 

07 

0,55 

29.5 

Yes 

25 

74 

52 

0.28 

63.0 

Yes 

26 

78 

30 

0.54 

54.0 

Yes 
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Contd... 


1 

2 

3 

4 

5 

6 

27 

63 

26 

0,45 

44.5 

Yes 

28 

100 

69 

0.55 

84.5 

Yes 

29 

22 

00 

0.49 

11.0 

Yes 

30 

52 

19 

0 42 

35.5 

Yes 

31 

22 

03 1 

0 39 

12.5 

Yes 

32 

81 

37 

0.52 

59.0 

Yes 

33 

96 

81 

0.32 

88.5 

Yes 

34 

30 

00 

0.52 

15.0 

Yes 

35 

20 

03 

0.42 

14.5 

Yes 

36 

20 

11 

0.29 

18 5 

Yes 

37 

19 

05 

0.30 

12 0 

Yes 

38 

59 

30 

0.37 

44.5 

Yes 

39 

41 

04 

0.57 

22.5 

Yes 

40 

86 

09 

0,75 

47.5 

Yes 

41 

27 

07 

0.38 

17.0 

Yes 

42 

59 

07 

0,64 

33.0 

Yes 

43 

81 

41 

0.49 

61.0 

Yes 

44 

37 

04 

0.53 

20.5 

Yes 

45 

89 

11 

0.76 

50.0 

Yes 

46 

100 

81 

0,40 

90 5 

Yes 

47 

46 

17 

0.39 

31.5 

Yes 

48 

93 

59 

0.49 

76.0 

Yes 

49 

74 

19 

0.60 

46.5 

Yes 

50 

33 

09 

0.36 

21.0 

Yes 


h. Final Tool 

Items with 100 per cent and 0 per cent difficulty value and 
items with less than 0 25 validity coefficients were deleted (Thorndike, 
1966, p, 245). As a result of the first analysis-determination of ‘D’ 
values, and as a result of the second analysis - determination of r 




values, out of the total number of 61 test items, 11 items were 
rejected. The final tool consisted of 50 items in all. The directions for 
using the test were found to work well and were retained without 
modification. See Appendix - III for the final tool along with the 
directions. 

L Reliability of the Achievement Test 
i. Coefficient of Stability 

The coefficient of stability of the achievement test was 
determined by the test retest method. For this purpose, the 
achievement test was readministered to a random sample of 50 
students out of 100 involved in the. first tryout two weeks after the 
lirst administration. Them correlation between the test and retest 
scores was computed. The coefficient of correlation between the two 
sets of scores on Ihe achievement test was found to be 0.92 which is 
quite significant at 0.05 level. This implies that the achievement test 
has stability reliability. 

ii. Coefficient of Consistency 

The coefficient of consistency of the achievement test was 
determined by the split-half method. For this purpose, scores 
obtained on re-administration of the achievement test to 100 Ss 
involved for determining stability reliability value were used, The total 
scores were divided into two halves - one relating to odd numbered 
items and the other to even numbered items. The obtained coefficient 
of correlation between the scores on the halves was corrected for full 




length of achievement tost by moans of Spearman - Drown prophecy 
formula. The roelfic lent of consistency of the achievement test was 
found to be 0. ( )7H which is significant at 0.05 level. This implies that 
the achievement test has consistency reliability. 

j. Validity of the Achievement Test 
i. Intrinsic Validity 

Intrinsic validity of the achievement test was computed from its 
reliability m'flidmls (('.milord, 19M, p. 399). The range of validity 
coefficients was between 0.9!i9 and 0.994 which speaks of the 
intrinsic validity of the test. 

ii. Content Validity 

Five teachers of secondary schools teaching mathematics acted 
as judges iu establishing content validity of the achievement test. 
They examined the test items, the instructions and the scoring 
procedure. The judges were fully satisfied with the relevance of the 
test items, comprehensiveness and administration procedure. They 
were also satisfied with the adequate coverage of the content of 
mathematics at IX Standard This implies that the achievement test 
in mathematics was found to be comprehensive and relevant. 

4./f The Sample 

As pointed out earlier, the study was confined to the students of 
IX Standard studying in different schools of Kalghatgi talu 
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Dharwad district during the year 2001-2002, There were 15 
secondary schools in the laluka in the year 2001-2002. 

In these schools the number of students studying were 
scheduled caste •- 90, scheduled tribe - 80 and general category - 965. 

From the population of 15 secondary schools, 11 schools were 
selected tit random. II may he added here that the different regions of 
the laluka weir represented by secondary schools involved in the 
study, In Ihe entire population of 1141 students, the sample of 303 
students was selected using random sampling technique. The 
description of the sample selected for the study is given in the 
following table: 
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Table - 4.9 : Distribution of the Sample in terms of Type of 
School, Sex and Social Status 


Types, of 
School 

Name of the School 

No, of 
Students 

No. of Students 

Sex 

Social Status 

Boys 

Girls 

GM 

sc 

ST 

Government Schools 

mm 

Govt. High School, Kalghatgi 

30 

18 

12 

24 

5 

1 

ma\ 

Govt. High School, Hirehonnahalli 

25 

15 

10 

19 

1 

5 

mm 

Govt. High School, Bammigatti 

32 

19 

13 

31 

1 

0 

ni 

Govt High School, Devikoppa 

25 

13 

12 

19 

5 

HI 

Aided - Schools 

1 

Janata English School, Kalghatagi 

30 



25 

3 

2 

mm 

G.E.S. Girls High School, 

Kalaghatagi 

30 

0 

30 

24 

■ 

2 


S.B.B. High School, Dummawad 

30 

1 

D 

22 

6 

2 

4 

G. E, Si High School, Mishnkoti. 

30 

20 

10 

27 

i 

2 

Unaided - Schools 

1 

Sangameshwar High School, 
Jodalli 

30 

16 

14 

25 

5 

0 

2 

S.B G.S. High School, Kudalagi 

20 

14 

6 

15 

D 

1 

3 

Ambedkar High School, 

Mishnkoti 

21 

13 

8 

14 


1 


Total 

303 

180 

. 

123 

245 

41 

17 


Description, of the sample involved in the study when classified 


according to their sex and caste is given in the following table ; 


Table - 4.10 : Description of the Sample (n = 303) 


Category 

Boys 

Girls 

Total 

Advantaged group 




General category 

135 

114 

249 

Disadvantaged group 




Scheduled Caste 

20 

14 

34 

Scheduled Tribe 

14 

6 

20 

Total 

169 

134 
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4,5 Prolonged Deprivation Scale (PDS) 

The scale was developed by Misra, 0. and Tripathi, L.B, Since 
measurement oi the accumulated experiential content of an individual 
requires assessment of physical, social and personal conditions of life, 
prolonged deprivation was specified in terms of a number of physical, 
social, family, school, religious and other interactional variables. The 
Prolonged Deprivation Scale (PUS) consisted of 15 areas of derivation. 
They were: (1) housing condition, (2) home environment, (3) economic 
sufficiency, (4) food, (5) clothing, (6) educational experiences, 
(7) childhood experiences, (8) rearing experiences, (9) parental 
characteristic's, (10) interaction with parents, (11) motivational 
experiences, (12) emotional experiences, (13) religious experiences, 
(14) travel and recreation, and (15) miscellaneous quasi-cultural 
experiences 


The filial scale consisted of 96 items to be rated on a 5 - point 
scale indicating the. degree of prolonged deprivation. These five points 
of the rating scale cover values from very low degree of deprivation to 
(1) to very high degree of deprivation. (5). A total deprivation score can 
be obtained through assigning numerical values to various response 
categories. Positive statements were scored 1, 2, 3, 4 or 5, However, 
the negative statements like 70, 74, 75 and 77 were scored as 5, 4, 3, 
2, or 1 depending upon the response of the Ss to the statements 
respectively. Sum - total of all the scores represents the subject s 
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prolonged deprivation. In this system of scoring high score is 
indicative of high deprivation and low score is oflow deprivation. 

The stability coefficient of the scale by the test - retest method, 
with an interval of two month’s period, was found to be 0.59 (n=40). 
The coefficient of consistency of the scale by the split - half method 
(odd vs. even items) was found to be 0.91 (n=266), Internal 
consistency using Kudcr-Richardson formula-20 was found to be 
0.92. The scale was found to be relevant and comprehensive by the 
judges. The intrinsic validity and construct validity of the scale were 
established. 

The prolonged deprivation scale was administered to around 
500 studentsS, including both urban and rural students, studying in IX 
Standard at Kalghatgi taluka. In the scale, high score is the 
indication of high deprivation and low score is indication of low 
deprivation. 

Thus, in the present study the obtained scores for all the 500 
students were arranged in the descending order. About 303 students 
from the top with the highest deprivation scores were selected as 
sample. 

4.6 Collection of Data 

The final test on logical thinking operations in mathematics - 
observation, coding, inference, application and Probiem-solving- was 
administered to 303 students of IX Standard studying in Kalghtagi 




talulca The investigator personally visited Government, Aided and 
Un-aided sernndary schools in order to collect data relating to logical 
thinking operations. The data were collected by administering test on 
logical thinking operations in mathematics in the fore-noon session 
and a scale on attitude toward mathematics in the after-noon session. 
However, thi' academic achievement, test in mathematics was 
administered to the same group of students next day. 

Since the purpose ot the first two objectives was to study the 
influence oi sex and < aste on attainment of logical thinking operations 
in mathematics tlie related data wen* obtained using ‘Personal Data 
Performa’, 

4.7 Statistical Analysis of Data 

As already indicated, the present study was undertaken with 
the mam purpose of investigating the relationships between logical 
thinking operations (predictor variable) and the academic achievement 
in mathematics (criterion variable). Further, the study also aimed at 
determination of the relative efficiency of the predictor variables m 
predicting academic achievement in mathematics of IX Standard 
students With these purposes in view the suitable statistical 
techniques were selected. 


In pursuance of the General Objective - 1, the V test was used 
to compare the variations in attainment of logical thinking operations 
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in mathematics among children belonging to SC and ST Category; ST 
and General Category; and SC and General Category. 

In pursuance of the General Objective - 2, the 3 - way Analysis 
of Variance (ANOVA) was used to find the difference between boys and 
girls, advantaged and disadvantaged students; and students with 
favourable and unfavourable attitude towards mathematics. 

The data were classified into categories according to different 
factors, sex (A) caste (It), and attitude towards mathematics (C). 
Accordingly, 2 X 2 X 2 factorial design was used with two levels of sex 
(boys and girls), two levels of caste (general category - advantaged, 
and SC and ST categories -* disadvantaged) and two levels of attitude 
(favourable and unfavourable). Thus, there were 8(2 X 2 X2) different 
categories into which the data were classified. The multiple 
comparison of means was carried out using Scheffe's test. 

In pursuance of the General Objective - 3, the Pearson’s 
Product-Moment coefficient of correlation technique was used to find 
the relationship between predictor variables and criterion variable. 
Further, the obtained T* values were tested for significance using ‘t’ 
test. 


In pursuance of the General Objective - 4, the Multiple 
Regression Analysis (normal) was used with the different independent 
variables Fitted into a regression equation. This provided an indication 
about the relative potency of variables under consideration. The 




relative contributions ni the independent factors to the criterion 
variable was calculated hy multiplying regies,sion coefficients with the 
correlation rocific mils and conceiting the same into percentages. 


In pursuance* of the General Objective - 5, the Path Analysis 


i' to ealrulnle the direct and indirect effects of 


independent variables on dependent variable, 


as used m 


In pursuance of the General Objective - 6, the Principle 
Component Factor Analysis was used with a view to find out the 
combination that arrntints for maximum variation when all the 
variables ate in the linear combinations with each one as distinct 


identify by itself 
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ANALYSIS OF DATA AND RESULTS 

Scores ol siudents on live logical thinking operations, namely, 
observation, coding, inference, application, problem-solving, and 
marks obtained by them in the achievement test in mathematics 
constituted the raw data for the study. In pursuance of the objectives 
of the study, the data were subjected to statistical treatment. This 
chapter describes m detail the entire statistical analysis of data and 
states the results of analysis. It consists of six sections, Section-1 
deals with comparison of logical thinking operations in mathematics 
among SC, ST and General Category students; Section-2 with simple 
correlations between logical thinking operations and achievement in 
mathematics; Section 3 with interaction effect of sex, caste and 
attitude on logical thinking operations in mathematics; Section-4 with 
multiple regression analysis; Section-5 with path analysis; and 
Section-6 with principle component factor analysis. 

Section - 1 

5.1 Comparison of Logical Thinking Operations in Mathematics 
among SC, ST and GC Students 

In order to investigate the difference in each of the logical 
thinking operations in mathematics among SC, ST and General 




Category slmi-nts tin- flunking opm.tfan scores were compared using 
appropriate V lest. The results arc given in the following table : 


Table 


5,1 


Comparison of Logical Thinking Operations in 

253SST among sc ' ST ond GMerai cat - e E or y 


Operations 

Observation 

Caste 

; SC' 

S'l 

i 

SC ‘ 

GC 

Mean 

SD 

j l-value 

p-value 

Signifi¬ 

cance 

23.7624 

27.2772 

6 7601 
8.2320 

lk » , a - 

| 3,3200 

< 0 01 

Yes 


23. '/62 4 

' 27.7021 

; <).7()Oo 

! 8.7060 

* - _. 

j 

1.8400 

> 0.05 

NS 

Coding 

ST 

GC' 

it 

1 

27.2772 

2:7.7021 

* 

i 8.2320 
: 8.7060 

1 

| 1.2400 

! 

> 0.05 

NS 

SC 
! ST 

>t 

1 27.0297 
27.7743 

1 0.3740 
j 7.5040 

h 

f 

1.4600 

> 0.05 

NS 


,1 Set 

| GC 

27.0247 ] 9.3540 

1 25.3060 } 8.6220 

' i — - 

1 2900 

> 0.05 

NS 


! ST 
; GC 

t 

27.7743 
■ 27,3060 

\ 7.5040 
; 8.6220 

1.9200 

> 0,05 

NS 

Inference 

SCI 

i S r r 
♦ 

1 3 6.8812 i 8.6560 
■ 18.8 U0 j 8.1290 

1,9301 

> 0.05 

NS 


SC 

1 C,C 

ST 

1 GC 

16.8812 

' 10.0010 

) 

8.6560 

0.2190 

2.4000 

< 0.05 

Yes 


1 18.8110 
j 19.9010 

8.1290 

0.2190 

0.8900 

> 0.05 

NS 

Application 

SC 

ST 

16,6337 

19.6335 

7.9410 

9.4411 

2.4601 

< 0.05 

Yes 


SC 

GC 

16,6337 

19.1584 

7.9410 

9.8760 

2.0001 

< 0.05 

Yes 


ST 

GC 

19.6335 

19.1584 

9.4411 

9.8760 

0.3602 

> 0.05 

NS 

Problem¬ 

solving 

SC 

ST 

13.5149 

14.2574 

7.5350 

8.4080 

0,6600 

> 0.05 

NS 


SC 

GC 

13.5149 

12.5248 

7,5350 

7,6360 

0,9300 

> 0.05 

NS 


ST 

GC 

14.2574 

12.5248 

8,4080 

7.6360 

1.5300 

> 0.05 

NS 


SC - Scheduled Caste ST - Scheduled Tribe GC - General Category 



It IS I 

1 . 

2 , 

3. 

4 . 


f> 

7. 

8 . 

9. 

10 . 




videnl hniu Hw .tSinvr fable that : 

S C .uid S2 student*. differ significantly in their 
logical thinking opriation. i.e., observation. 

St" and Geneial t ufrgnry students do not differ 
signihcanflv in then logical thinking operation, i.e., 
oh,set vafmn 

ST and Geneial Category students do not differ 
sigiuhrantlv in thru logical thinking operation, i.e., 
ohset vat jon 

St" and ST students do not differ significantly in 
their logical thinking operation, i.e., coding. 

SC and General Category students do not differ 
signilirantlv in then logical thinking operation, i.e., 
coding,. 

XT and General Category students do not differ 
signilirantlv in their logical thinking operation, i.e., 
coding, 

SC and ST students do not differ significantly in 
then logical thinking operation, i.e., inference. 

SC and General Category students differ 
significantly in their logical thinking operation, i.e., 
inference, 

ST and General Category students do not differ 
significantly in their logical thinking operation, i.e., 
inference*. 

SC and ST students differ significantly in their 
logical thinking operation, i.e., application. 
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11 SC unci Geneial Category students differ 
significantly in their logical thinking operation, i.e., 
application. 

12. SC and General Category students do not differ 
significantly in their logical thinking operation, i.e., 
application. 

13. SC and ST students do not differ significantly in 
their logical thinking operation, i.e., problem¬ 
solving. 

14 St,' and General Category students do not differ 
signihrantlv in their logical thinking operation, i.e., 
problem -solving. 

15, ST and General Category students do not differ 
signifieanlly in their logical thinking operation, i.e,, 
problem-solving. 

It is revealed from the findings that SC and ST category 
students dilfer in their ‘observation’ ability; SC and General category 
students dilfer in their ‘inference’ ability; SC and ST students, SC and 
General Category students differ in their ‘application’ ability. When 
compared to students from General Category and ST category, SC 
students are lagging behind in the abilities like ‘observation’, 
‘inference’ and ‘application’. Thus, intervention programme in these 
abilities is essential to SC category students, 
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Section - 2 

5,2 Simple Correlations between Logical Thinking Operations 
and Achievement in Mathematics 


In the present study then 4 arc five logical thinking operations 
such as observation, coding, inference, application and problem¬ 
solving on the one hand and academic achievement in mathematics 
on the other hand. As a prerequisite for the in depth analysis it is 
essential to sludv tin* relationship between logical thinking operations 
and achievement in mathematics, Hence, in the present context the 
focus is on the study of the relationship between these variables. 


The Pearson’s Product-Moment Coefficient of Correlation 
technique was used to find the relationship between predictor 
variables and criterion variable. Further, the obtained r values were 
tested for signilicanee using V test, the details are given in the 


following paragraphs; 




Table - 5.2 : Correlations of Logical Thinking Operations with 
Achievement in Mathematics - SC (n =101) 


Operations . 


A< hirvrment in Mathematics 

‘i' value 

V value 

P-value 

Significance 

Observation 

0,0530 

, 0.5286 

>0.05 

NS 

Coding 

U.fil.iS 

5.9592 

j 

<0.01 

Yes 

Inference 

o ;unr> 

3.2505 

<0.01 

Yes 

Application 

0.3384 

' 3.5782 

<0.01 

Yes 

Problem-solving 1 

0.2309 

■ 2.3616 

<0.05 

Yes 


Table - 5.3 : Correlations of Logical Thinking Operations with 
Achievement in Mathematics - ST (n =101) 

Achievement in Mathematics 


Operations 

l 

V value 

! V value 

P-value 

Significance 

Observation 

i 0.45 13 

5.0318 

,.__p 

NS 

Coding 

0.4786 

5,4235 ~ 

<0.01 

Yes 

Inference 

0.4352 

1 4.8098 

<0.01 

Yes 

Application 

! 0.2754 

j 2.8503 ~ " 

1 

<0.01 

Yes 

Problem solving 

0.2118 

| 2.1563 

<0.05 

Yes 

Table - 5.4 : 

Correlations 

of Logical Thinking Operations with 


Achievement in Mathematics - GM (n =101) 


Achievement in Mathematics 


Operations 1 . 

i Y’ value 

‘t’ value 

P-value 

Significance 

Observation 1 

0.2226 

3.9618 

<0,01 

Yes 

Coding ■ 

0.4055 " 

7.6956 

<0.01 

Yes 

Inference' 

0.3 i 38 

5.7331 

<0.01 

Yes 

- | 

Application i 

0.2396’ " 

' 4.2820 

<0.01 

Yes 

Problem-solving j 

i 

0.1631 “ 

2.8687 

A 

o 

o 

i—> 

Yes 
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Findings 

It is evident i'lotn the above table that : 

i, There is a positive and significant relationship 
between logical thinking operations, viz., coding, 
inference, application, problem-solving and 
academic achievement in mathematics among SC 
category students. However, the relationship 
between observation and academic achievement in 
mathematics is not significant. 

ii. There is a positive and significant relationship 
between logical thinking operations, viz,, coding, 
inference, application, problem-solving and 
academic achievement in mathematics among ST 
category students. However, the relationship 
between observation and academic achievement in 
mathematics is not significant. 

lii, The logical thinking operations like observation, 
coding, inference, application and problem-solving 
are positively and significantly related with 
academic achievement of General Category 
students in mathematics. 

In case of Scheduled Caste and Scheduled Tribe students the 
correlation between logical thinking operation, i.e., observation and 
achievement in mathematics is not significant. This implies that the 
SC and ST students are lacking behind in the attainment of the ability 


‘observation 1 . 




1 VM 

S*'i fif n s ■ 3 

5,3 Interaction Effect of Sex, Caste and Attitude on Logical 

Thinking Operations 

The sro:rs rnnBug ht Sex. C.iste and Attitude, of the students 
towards inathriu.au s nu the one hand, and logical thinking 
operations ohsriv.Uion. fading,. inference, application and problem- 
solving on the other Si.aid of .-aid, students studying in IX Standard of 
Kalglmtngi hiluka * nnsti'ufed the r.r.v data for the present study. The 
data were subjrt t<*«; it, .usdvsu. in pursuance of objectives of the study 
and rescan h hvjtotheses using. Analysis ol Variance (ANOVA) 
technique. 

Constitution of Treatment Groups 

The present study will have three independent factors - Sex (A), 
Caste (H) and Attitude (t’p i*a< tors A, H and C have a, b and c levels 
respectively. In the jursenl studv, Factor * A has two levels (ai, 0.2), 
Factor • H has two levels (In, b;j and Factor -- C has two levels (ci, 02). 
Here the stoic's on (he Sex, Caste and attitude are classified into low 
and high groups using the ‘mean* of scores of all the subjects as the 
criterion, i.e., cutting point. Here ai of Factor - A indicates boys, a2 
indicates girls; hi of Factor - B indicates advantaged group and b 2 
indicates disadvantaged group; and ci of factor - C indicates 
favourable attitude and c, indicates unfavourable attitude. Thus, in 
this case there will be ‘abc’ treatment combinations giving rise to 8 
treatment groups. Each case of the sample in the study is analyzed in 







Girls (a.2) 


1.12 


Table - 5.5: A2X2X2 Factorial Design of Data on Logical 

Thinking Operations 


Caste 

Advantaged (h.j 

Attitude (C) I 

Favourable * Unfavourable 


(B) 


Disadvantaged (b2) 


Attitude (C) 


rt, 

v: 

o' 


< 

X 

V 

co 


62 

63 

65 

65 

67 

68 
70 


(0:1 


(o.) 

1 

-! 

0 

f)2 ’ 

3:i 

i 

l2 

.S3 

42 


17 

f»2 

47 


IS 

65 

48 


id 

63 

52 


>0 

63 

55 


it) 

03 

n5 



03 

:>7 


53 

On 

57 


55 

65 , 

57 



65 

60 


bn 

07 

60 


58 

68 \ 

60 


58 

()H 1 

62 


60 

68 i 

63 


60 

68 1 

03 


62 

70 

68 



70 ; 

70 _ 


47 

i 

35 

"57“ 

48 

j 

i 

43 

57 

SO 

i 

45 

60 

SO 

i 

47 

60 

52 


47 

60 

52 


48 

62 

**» « 
04 

i 

50 

62 

S3 


52 

62 

5S 


52 

65 

55 


52 

67 

55 

! 

I 

55 

68 

57 


55 

70 

57 


55 

72 

57 


57 



Favourable 


53 

53 

53 

55 

55 

57 

57 

57 

58 
58 
60 
60 
60 
62 
62 


62 

62 

62 

63 

63 

65 

68 

68 

68 

72 

73 


Unfavourable 


55 

55 

55 

57 

57 

57 

58 
58 
62 
63 
63 
63 
63 


63 

65 

68 

68 

68 

72 

77 

80 





48 

40 

53 

50 

40 

53 

52 

42 

53 

52 

42 

55 

52 

45 

55 

52 

45 

55 

52 

47 

58 

52 

48 

60 

55 

48 

62 

57 

48 

63 

58 

48 

63 

60 

48 

63 

60 

50 

65 

63 

50 

67 

65 

50 

75 

65 

52 

75 

67 

70 

53 




To test the research hypotheses stated in the study, 3-way 
Analysis of Variance technique was used. 

Application of ANOVA Technique 

The rationale of the analysis of variance is that the total 
variability of a set of measures composed of several groups, can be 
partitioned into specific parts, each identifiable with a given source of 
variation. The pnneiple involved in the analysis of variance is the 
comparison of variability between the various groups with the sum of 
variability within the groups (Broota, 1989, p. 28). 

A 3-way Analysis of Variance permits the simultaneous study of 
effects of three factors as well as interactions, this technique was 
selected for the purpose of analysis of data. 

Statistical techniques generally involve assumptions that must 
be satisfied if the techniques are. to be correctly applied. In case of 
ANOVA (where F~test arc* used) - 

1. Homogeneity of variance, and 

2. Normality of distribution. 

are the important assumptions that are to be met before applying this 
technique. The reasons for considering the above mentioned 
assumptions underlying F-test are to confirm that the variances of 
scores in each of the treatment groups in the present study are 
homogeneous and the distribution of scores within each treatment 
group have been drawn from a normal population. 




Howevei. there is a good deal of evidence that the analysis of 
variance is virtually unafleeted by violations of normality and 
homogeneity ot vananee d the samples entering into analysis are of 
the same or approximately the same size (Dayton, 1970, p.35). 

This evidence ennnol he used to escape from reporting the 
homogeneity of variance in the present study for the samples entering 
into analyses are neither of same nor of approximate in size. In such 
situations Dayton (1970) opines that homogeneity of variance be 
reported using Bunich's Statistics (Dayton, 1970, p. 35). 


Bartlett’s test of Homogeneity of Variance 

Bartlett’s test was used for testing the homogeneity of variance 
with samples of the same or different sizes. Since the sample sizes 
(treatment groups) in the present study differ m their sizes, this test 
was used to test the homogeneity of variance, The formula used for 
finding out Bartlett’s stalls tics in given below : 


X' 


2 303 
C 


[It 






J-l 


where, 


C-I + 


1 


3(P-1) 


£ 1 


^ n - 1 1 

J 1 = 1 


(Dayton, 1970, p. 33). 


.V J 1 K 

However, the computational plan for Bartlett’s statistic along 
with calculations with reference to data on logical thinking operations 


are given in table below ’ 
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Table - 5,6 : Computational Plan of Bartlett’s Statistics for the 
Data on Logical Thinking Operations 


Sample 

n ! 

1 

il l | 

1/n-l 

S 2 

log S 2 

(n-1) log 
S 2 

MSE 

1 

33 

32 ! 

0.0313 

67 8872 

1.8318 

. 

58.6172 

2172.39 

2 

18 

17 

0.0588 

79.4118 

1.8999 

32.2980 

1350.00 

3 

27 

26 

0,0385 

32.4440 

1.5111 

39.2895 

843.54 

4 

22 

21 

0.0476 

50.5772 

1.7040 

35.7831 

1062.12 

5 

22 

21 

0.0476 

55,1287 

1.7414 

36.5689 

1157.70 

6 

27 

26 

0.0385 

76.3374 

1 8827 

48.9512 

1984.77 

7 

IS 

17 

0.0588 

44.0541 

1.6440 

27.9478 

748.92 

8 

33 

32 

0.0313 

83 386 

1.9208 

61.4671 

2666.54 


200 

192 

0.3523 



340.9228 

11986.29 


Mean Square Error : MSE = 62,4286 


C"- 1 + (1/3X7) [0,3523 -(1/192] 
- 1 + 0.0476 (0,3476) 

= 1 + 0,0165 
= 1.0165 


Chi-square = (2.303/1.1065) [192 X log 62,4286 - 340.9228] 
= 2,2656 [344.7137 - 340.9228] 

= 2.2656 [3.7909] 

X 1 = 8,5887 


(Table value at 7 df is 14,0670) 





For a total ol right v,u sanies and 2 degrees of freedom per 
variance, the oblmned y value H.3K87 does not exceed significance 
(tabled y; value ioi 7 drgirrs os lirrdom i.s 14.0070), Thus, the 
treatment girmps do not dtifrrrntlv affect the variability of the 
response 1 measure, if-, logical thinking operations. 

Lilliefors Test of Normality of Distribution 

Lilhrfnis test is a test bv winch the normality of treatment 
groups is deteimined ( :>p>enf, f/ihp, p> i 35). 

In order to test She second assumption of ANOVAp.e,, normality 
of distribution lor the data on logical thinking operations test was 
used. 

Table - 5.7 : Computational Plan of Lilliefors Test for the Data on 
Logical Thinking Operations 

X ; X 1*7 (/.) ( <t> (d 

-2 3500 ! 1 0.0303 ! 0.0004 

_, . i _ „ _ 

X - Single raw score of treatment group (ai, bi, ci) 

Fii " Proportion of observation below X. 

Ihi (z) ~ Kmptrical distribution function 

O (z) Cumulative distribution function of normal distribution 
I Fn (z) - o ( Z ) | ~ obtained absolute difference value 


I Fa (z) - <D (z) | 
0.0209 




Computational Procedure 


Stumia?disc thr 


fi.d;, iv.i'x Si <ues ni treatment groups) using 


/ 


X M 
s 


Where 


X iX ; M suer 

W Mean <>! tie* U raiment group 
S The usual estimate ui population, obtained from 


XX' t XX i it 

\ u I 

ii. Find the rumulative .standard normal value [ct> (z)] to all 
the X semes 

iii Find the empinral distribution function [F„ (z)J from F u 

iv, Obtain absolute dilterenee value | F„ (z) - <J> (z) | 

v. Compare the absolute difference value with table value at 
l"r> with relevant (Sprnit, 1 ( WJ, p. 235) 

liach 'absolute difference’ value is compared with the 
corresponding tabled value of the related treatment group. The 
obtained values (treatment group wise) axe given in the following 


tables : 
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Table- 5.8 : 

X 

-2 3500 
-2.1430 
-1,5230 
-1.3170 
- 1.1100 
-0.0030 
-0.6070 
-0.4000 
-0.0770 
0.1300 
0.3370 
-0 6070 


0,337' 

0.543 

0,750 

0.956 

1.163 


Computational Values of Lilliefors Test for Treatment 
Group aibiCi 


X 

1 

14; izj ; 
* ^ 


1 F» (z) - « (z) 1 

0.0303 

1 

t i 

0.0094 

0.0 

) 

0.0606 j 

i 

0.0161 

0,0209 

3 

* i 

0,0909 [ 

I 

a „ a, 4 

0.0639 

0.0445 

4 

0.1212 

0.0939 

0.0270 

l 

0.2121 

0.1335 

0.0273 

8 

, 

0.2424 

0.1833 

0.0786 

9 

0.2727 : 

0,2429 

0.0591 

12 

t 

0.3636 

0.3121 

0,0289 

14 

' 0.4242 

0.4693 

0.0515 

16 

n 

0,4848 

0,5517 

0.0451 

18 

* < ■ - 

i 0.5455 

i• 

0.6319 

0.0669 

19 

0.5758 

0.2429 

0.0864 





0.7734 


0.8305 


0.8776 


0.9147 


0.0329 


0.0258 


0.0751 


0,0483 


0,0524 


0.0853 


Critical Value - 0.1620 at 0.05 level. 
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Table - 5,9 : Computational Values of LiJULiefors Test fox Treatment 
Group aibtcj 


z 

X 

J'w (/■! 

0 (?,) 

I F u (Z) (z) | 

-2,3000 

1 

0.0556 

0.0089 

0.0467 

-1 6200 

2 

0.1 1 1 1 

0.0525 

0.0586 

-1.0598 

3 

0.1667 

0.1446 

0.0221 

-0.8728 

4 

0.2222 

0.1914 

0.0308 

-0 4087 

5 

0.2778 

0 3090 

0.0312 

-0.1247 ; 

7 

0.3880 

0.4504 

0.0615 

0.0623 

10 

0.5556 

0.5248 

0.0308 

0,4364 

12 

0.7222 

0.6687 

0.0535 

0.6234 

14 

0.7778 

0.7335 

0.0443 

0.8105 ; 

1(> 

i 0.8880 

j 

0.7912 

0.0977 

1.3715 

17 

0,0444 

0.9149 

0.0295 

1 5586 

18 

1.0000 

0.9405 

0.0595 


* Critical Value* ■- 0.2000 at 0.05 level 


Table-5.10 : Computational Values of Lilliefors Test for Treatment 
Group aib- 2 Ci 


Z 

X 

F„ <z| 

0 (Z) 

i F n (z)-0(Z) | 

-1.3790 

3 

0.1111 

0.0839 

0.0272 

-1.0800 

5 

0.1852 

0.1401 

0.0451 

-0.7810 

8 

0.2963 

0.2174 

0 0789 

-0.4830 

10 

0.3704 

0.3145 

0.0559 

-0.1840 

13 

0.4815 

0.4270 

0.0545 

0.1150 

18 

0,6667 

0.5458 
__ 

0.1209 

0.4140 

20 

0,7407 

0.6606 

0.0801 

0.7120 

21 

0.7778 

0.7618 

0.0160 

1.3100 

24 

0,8889 

0.9049 

0.0160 

1.9070 

25 

0,9259 

0.9717 

0.0458 

2.2060 

26 

0.9630 

0.9863 
------ 

0.0233 


* Critical Value = 0,1730 at 0,05 level 






























Table -5.11: Computational Values of Ulliefors Test for Treatment 
Group aibiiCx 


z 

% * 

* 

T b 

l**n '>•! 

$ (*) 

I F u (z) - 0 (z) | 

-1.1000 

3 

0.1364 

0.1212 

0.0152 

-0,9330 

t» 

0.2727 

0.1754 

0.0973 

-0.6970 

-- t 

s 

0.3630 

! 0.2429 

0.1207 

-0.2250 

9 

0.400 1 

< 0.4110 

0.0019 

0.0110 

14 

0.6364 

j 0.5044 

0.1320 

0.2470 

15 

0.6818 

j 0.5975 

0.0843 

0.7190 

- —- i 

13 

0.8182 

1 1 

! 0.7639 

0.0543 

1.1910 

19 

0.8636 

0 8832 

0.0196 

1.9000 

20 

0.9091 

j 0.9713 

0.0622 

2.3720 

21 

0 0545 

i 0.9912 

0.0367 

* Critical Value 

0. t 

900 at 0,05 love 




Table-5.12: Computational Values of Lilliefors Test for Treatment 
Group aabici 


Z 


Fu (z) 

0 (z) 

1 F n (z) - 0 (z) I 

__ , 

-1.4999 

1 

0.0455 

0.0668 

0.0213 

-1.2754 

2 

0.0909 

0.1011 

0.0102 

-1.0509 

.» i 

0.1818 

0.1467 

0.0351 

-0.8265 

(> 

0.2727 

0.2043 

0.0684 

-0.6020 

8 

0.3636 

0.2736 

0.0900 

-0.3775 

' u 

0.5000 

0.3529 

0,1471 

-0.1530 

14 

0.6364 

0.4392 

0.1072 

0.5204 

15 

0.6818 

0.6986 

0.0168 

0,7448 

16 

0.7273 

0.7718 

0 0445 

0.9693 

18 

0.8182 

0.8338 

0.0156 

1 1938 

19 

0.8636 

0.8837 

0.0201 

1.4182 

20 

0.9091 

0.9219 

0.0128 

1.6430 

21 

0,9545 

0.9498 

0.0047 


22 

1.0000 


0.0310 


* Critical Value = 0.1730 at 0.05 level 


























Table-5.13: Computational Values of Lilliefors Test for Treatment 
Group ajbicj 


z ! 

i* 

X 

10, |Z| 


I Fu (z) - (D (z) | 

-2,4021 1 

4 

1 

0.0370 

0.0082 

0.0288 

^ _ II 

-1,4483 ; 

) 

** i 

* 4 

0.0741 

0.0738 

0,0003 

... . i 

-1.2570 

i 

0 

o 

0,1111 j 

0.1043 

0.0068 

-1,0068 j 

1 

1 

*** 1 
;> 

• \ 

0.1852 : 

0.1430 

0,0422 

-0.8701 i 

4 

f) i 

0,2222 

0.1905 

0.0317 

-0.6853 | 

i 

,1 

r*r 

1 j 

0.2593 

0.2466 

0.0127 

-0,4980 } 

10 1 

0.3704 

0.3104 

0.0600 

-0,1130 

i 

13 1 

0.4815 

0.4550 

0.0265 

. i 

0.0770 

16 I 

0.5926 

0.5310 

0.0616 

0.4592 

* 

19 j 

0.7037 

0.6770 

0.0267 

0,6500 

I 

22 : 

0.8148 

0,7422 

0.0726 

1.0315 

i 

t 

23 ; 

0.8519 

0.8488 

0.0031 


• 4 

v --- 

0.8891 

0.0002 

1 2220 

I 

24 I 

0.8889 

1.4130 

1.6040 

1.7950 

25 

0.9259 

0.9212 

0,0047 

20 

0,9630 

0.9456 

0,0174 

27 

1,0000 

0.9637 

0,0363 

_..—- 

i ——— -— - 


* Critical Value = 0 1610 at 0.05 level 




Table-5.14: Computational Values of Lilliefors Test for Treatment 
Group ajbici 


z 

X 

Is 17] 

<t>U) 

-1.3253 

1 

0.0550 

0.0925 

+ 1 * * ‘ 

4 

" -1.0742 

x 

0.1 ill 

•; 0,1414 

0.2052 

*■ - - 

-0.823 1 

H 

0.4444 

”"-0.3200 

0 

0.5000 

; 0.3741 

* -0.0698 

1(1 

0 5556 

| 0.4722 

* " - 

0.1314 

11 

0 (.1 1 1 

< 0.5720 

0,4325 

18. 

0.7222 

0.6673 

j 

i 

0,9347 

14 

l 0.7778 

j 0.8250 

i 

.. . . » 

1,1858 j 

10 

i 0.8889 

j 0.8821 

| 0.9246 

j 0.9738 

” 1 4360 

17 

0,9444 

__ _ w It 

1.9391 

18 

\ 1.0000 


| Fu (z) - <t> (z) I 

0.0369_ 

0.0303 
0.2392 
0.1259 
0.0834 
0.0391 
0.0 549 
0.0472 
0.0068 
0.0198 
OX) 262 


* Critical Value 


0,2000 at 0.05 level 


Table-5.15: Computational Values of Lilliefors Test for Treatmen 
Group aabaca 


7 i X i I'n {'A 

0(z) 

| Fa (z) - O (z) | 

i | 

-1,5048 j 2 j 0.0606 

"" i i n t ;.12 

0.0662 

0.0056 

0.0931 

0.0281 

-0 9571 i 

i 

“ 1 

0.1818 

~o.i693 

0.0125 


0.2193 

0.0072 

-0,7745 

7 j 0,2121 


0.2769 

0.0867 

-0.5920 

12 

0.3636 

15 

~~ 0.4545 

0.3411 

0.1134 

-0.4094 

-0.2268 

16 

20 

23 

0.4848 

0.4103 

0.0 /4d 

0.6061 

0.4823 

0.1238 

-0.0443 

0.6970 

0.5550 

0.1420 

0 1 888 

0.5034 

24 

0.7273 

0.6927 

0.0346 

0.0040 

0.7536 

0,6860 

25 

0.7576 

0,8686 

26 

" 0,7879 

0.8075 

0.0196 _ 
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Contcl. 


10510 | 

20 

0.8788 

i 

0.8534 

0.0254 

1,2340 | 

30 

1 0,0001 

» 

0.8914 

0.0177 

~~ 1,4160 j 

31 

(1.0304 

i 

0,9261 

0.0178 

” 2.3290 ! 

_ __ ii» _i 

33 

1,()()()() 

; 

0.9901 

0 0099 


* Critical Value ”0,1(>10 at 0.05 level 


It is revealed from the above tables that the obtained absolute 
values in all the 8 treatment groups are less than the critical value in 
the respective' group. This further implies that the entire data on 
logical thinking operations of all the 8 treatment groups have been 
drawn from their respective normal population. 


Hence, the assumptions of ANOVA such as, homogeneity of 
variance and normality of distribution are satisfied by the present 


data, 






inference, appheabiu. 


-mb pio])]rni m living arc given in the following 


sections. 


Interaction Effect of Sex, Caste and Attitude on Logical Thinking 
Operation ~ Observation 

In the annivsis hi* Joss A, H, ami C represents the variables like 
Sex, Caste, and Attitude jespeetivrly. These variables have two levels 
each sex fhnv and p.ijKb easte (advantaged and disadvantaged), and 
attitude (favourable and urJavmuablrj. The scores on the logical 
thinking nprj.hums nbseiv.ittnn were used for analysis. The 
sunmiai v table ol aualvsi;* *i! vananee is given below : 


Table - 5.16 : Summary Table of ANOVA with Respect to Logical 
Thinking Operation - Observation 


Soui < e ol 
Variation 

Main KitYets 

ill 

Sum o( 
Squares 

Mean 

Squares 

F-ratio 

Significance 

* 



A (Sex) 

I 

33.0324 j 

33.0324 

0.5171 

NS 

B (Caste) 

! 

1.1034 j 

1.1034 

0 0187 

NS 

t 

C (Attitude) 1 

t 

2-wav Intciaction s 

i ; 

137.7004 

137.7904 

2.1572 

NS 

* 

a 





AX H j 

1 ! 

80.7818 

89.7818 

1,4056 

NS 

A X C 

■ i 

23.3607 

23.3607 

0.3657 

NS 

\ 

B X C 1 

- 

s 

1 

0.7273 

0.7273 

0.0114 

NS 

---——— 

3-way Interaction 






AX B X C 

1 

73.2948 

73 2948 

1.1475 

NS 

Error 

295 

63.8757 

0,216 



Total 

*302 

423 

_ 




Note : NS - Not Significant 




hr 


Findings 

The analysis n! fhr above table reveals the following : 

1. Hoys and girls do not differ significantly in respect 
of then logical thinking operation-observation. 

2. Advantaged and disadvantaged students do not 
diller siguuiranflv in respect of their logical thinking 
opeiatnrn observation. 

2. Students with tavourable and unfavourable attitude 
towards mathesuaties do not differ significantly in 
respect til their logical thinking operation-observation, 

•h Boys/t tirls with advantaged/disadvantaged 
background do not differ vSignificantly in respect of 
their logical thinking operation-observation. 

5, Hnys/Ciirls with favourable/unfavourable attitude 
tmvatds matheiuatirs do not differ significantly in 
respect of their logical thinking operation-observation. 

6, Advantaged/Disadvantaged students with favourable/ 
unfavourable attitude towards mathematics do not 
differ significantly in respect of their logical thinking 
operation-observation. 

7, Boys/Girls coming from advantaged/ disadvantaged 
background with favourable/unfavourable attitude 
towards mathematics do not differ significantly in 
respect of their logical thinking operation-observation. 
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Interaction Effect of Sex, Caste and Attitude on. Logical Thinking 
Operation - Coding 

The summary table of analysis of variance is given below. 


Table - 5.17 : Summary Table of AN OVA with Respect to Logical 
Thinking Operation - Coding 


Source of 
Variation 

df 

Sum ol 
Squares 

Mean 

Squares 

F-ratio 

Significance 

Main Idled s 






A (Sex) 

1 

1.5848 

1.5848 

0.0229 

NS 

B (Caste) 

l 

0.0388 

0.0388 

0.0006 

NS 

C (Attitude) 

- , 

1 

041.3737 

641.3737 

9.2838 

Yes 

2-way Interaction 

AX B 

1 

444.3587 

444.3587 

6.4320 

Yes 

AX C 


406.8508 

406.8508 

5.8891 

Yes 

BX C 

1 

405.0804 

405.0804 

5.8635 

Yes 

3-way Interaction 

* 





A X B X C 

1 

217 . 6228 

217.6228 

3.1501 

Yes 

Error 

205 

00.0853 

0.2340 



Total 

302 

2186 





Findings 

The analysis of the above table reveals the following : 

1. Boys and girls do not differ significantly in respect 
of their logical thinking operation - coding. 

2, Advantaged/disadvantaged students do not differ 
significantly in respect of their logical thinking 
operation - coding. 
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3. Students vvith favourable/unfavourable attitude 
towards mathematics differ significantly in respect 
of their logical thinking operation - coding. 

However, the means of favourable and 
unfavourable, attitude towards mathematics are 
27.77 and 25 39 respectively. Since the two means 
clearly reveals that favourable attitude towards 
mathematics has a greater mean than the mean of 
unfavourable attitude towards mathematics it can be 
interpreted that students with favourable attitude 
towards mathematics in greater number attain 
logical thinking operation 'coding’ than those with 
unfavourable attitude towards mathematics, 

4. Boys/Girls with advantaged/disadvantaged 
background differ significantly in respect of their 
logical thinking operation - coding. 

However, it is not clear from the above finding 
that which of the comparisons of the treatment 
groups differ significantly. To know this, 
comparison of means of all the treatment groups 
was carried out using Scheffes test (1953). The 
findings are shown in the following table. 


Table-5.18 : Scheffe’s Multiple Comparison of Means for ‘Coding’ 
(Sex X Caste) 


SI. 

No. 

Comparison 
of Treatment 
Groups 

Corresponding 

Means 

Simultaneous 

Confidence 

Intervals 

Significance 
at 0.05 
level 

1 

ai bi & a-i bi 

25.9801 fls 30,5010 

3.1976 ; 5.8442 

Yes 

2 

a2 bi & a2 bi 

30.5010 as 25.7379 

3.4398 ; 6.0864 

Yes 


Note ; 1. The mean values of the other treatment groups are not significant. 
2. Higher the difference in mean scores implies significant difference. 




T'O 


The* analysis of the* above* table* repeals the following : 

1. As the' simultaneous confidence interval values of S. 
No. 1 are in the same direction, i.e. 3,1976 & 
a K44 2, the ddfrrrnce is significant. Hence, the 
means of the treatment groups ai bi (25.9801) and 
a,b; (30.5010) differ significantly in respect of their 
logical thinking operation-coding. However, the 
observation o! two means clearly indicates that the 
mean value o! the treatment group a 2 bi is greater 
than the mean value of the treatment group aibi. 
This hit t her implies that girls with advantaged 
baekgmund ate better in their logical thinking 
operation 'coding/ than the* boys with advantaged 
background. 

2. As tht* simultaneous confidence intervals of S, No. 2 
are in same direction, i.e., 3.4398 & 6.0864 the 
difference is significant. Hence, the means of the 
treatment groups a 2 bi (.30.5010) and a- 2 b 2 (25.7379) 
differ significantly in respect of their logical thinking 
operation - coding. However, the observation of two 
means clearly indicates that the mean value of the 
treatment group a 2 bi is greater than the mean value 
of the treatment group a* 2 b 2 . This further implies that 
girls with advantaged background are better in their 
logical thinking operation 'coding’ than the girls with 
disadvantaged background 

5. Boys/Girls with favourable/unfavourable attitude 
towards mathematics differ significantly in respect 
of their logical thinking operation - coding. 




ilnwrvn, rise multiple comparison of means 
using Sr hrflr's trss was further carried out in order 
to find out the ttraiment groups which differ 
sigmin ;ml!v. The findings are given in the following 
tabic*. 


Table - 5.19 : Scheffe's Multiple Comparison of Means ‘Coding' 
(Sex X Attitude) 


SI. 

No, 

~’l 

' 2 

"3 

"4 

~5 

Note 


; Coinpnusnn 
1 ofTreutment 
Groups 
| mei ft a; r, 

j ai r 5 Ik a .-1 i 

| 

j at (*i Ik a; r, 
;n c ,j tk, a.- cj 
Hi e,> ft, m> «*,■ 


c ’in responding 
Means 

Simultaneous 

Confidence 

Intervals 

Signifi 

cance 

33.595b Ik, 23.2179 

9.0543 ; 11.7010 

Yes 

33.5050 ft 28.7075 

3.5643 ; 6.2109 

Yes 

33.5956 Ik 27.5317 

4.7405 ; 7.3871 

Yes 

23.2179 ft 28.7075 

4.1663 ; 6.8129 

Yes 

23.2179 ft, 27.5317 

2.9905 ; 5.6371 

Yes 


The mean values of tfa* other treatment groups are not significant 


The analysis of the above table reveals the following ; 

1. As flu* simultaneous confidence interval values of 
S. No. 1 an* in the same direction, i.e., 9.0543 & 
11.7010 the difference is significant. Hence, the 
means of the treatment groups aiCi (33.5956) and 
iUCj (23.2179) differ significantly in respect of their 
logical thinking operation - coding, However, 
observation of two means clearly indicates that the 
mean value of the treatment group aiCi is greater 
than the mean value of the treatment group aiC 2 . 
This further implies that boys with the favourable 
attitude towards mathematics are better m their 
'coding’ ability than the boys with unfavourable 

attitude. 




I ^ 


2 . As the sinmltiinmus ronhclencc intervals of S. No. 2 
are in the same flnertion, i.e., 3.5643 & 6.2109 the 
difference is significant. Hence, the means of the 
treatment groups aid (33.5956) and a 2 Ci (28.7075) 
differ significantly in respect of their logical 
thinking operation * coding. However, observation 
of two means clearly indicates that the mean value 
of the treatment group aiCi is greater than the 
mean value of the treatment group a- 2 ci. This 
further implies that boys with the favourable 
attitude towards mathematics are better in their 
'coding' ability than the girls with unfavourable 
at tit udc. 

8. As the simultaneous confidence intervals of S. No. 3 
art* m the same direction, i.e., 4.7405 Sc 7.3871 the 
difference is significant. Hence, the means of the 
treatment groups aiCi (33.5956) and a 2 c 2 (27.5317) 
differ significantly in respect of their logical 
thinking operation - coding. However, observation 
of two means clearly indicates that the mean value 
of the treatment group aiCi is greater than the 
mean value of the treatment group a 2 c 2 . This 
further implies that boys with the favourable 
attitude towards mathematics are better in their 
‘coding’ ability than the girls with unfavourable 
attitude. 

4. As the simultaneous confidence intervals of S. No. 4 
are in the same direction, i.e., 4.1663 & 6.8129 the 
difference is significant. Hence, the means of the 
treatment groups aic 2 (23.2179) and a 2 ci (28.7075) 
differ significantly in respect of their logical 
thinking operation - coding. However, observation 




r»| two innms * hviriv mdieates that the mean value 
of the treatment group a,r-*, is greater than the 
me;in value oi the U raiment group aiQ, This 
tuithej unpiws that gstls with the favourable 
attitude towards mathematics are better in their 
'ending 1 ability than the tin vs with unfavourable 
attitude 

5, As the simultaneous ronhtlenee intervals of S. No, 5 
are m the same direction, i.e, t 2.9905 & 5,6371 the 
(liff’eirrue js signUdanf. Hence, the means of the 
treatinent groups ;i-c; (23.2179) and (27,5317) 
diifei Mginheanttv m respect of their logical 
thinking operation ending, However, observation 
ol two means eleaily indicates that the mean value 
of the treatment group auu is greater than the 
mean value of the treatment group aiC 2 - This 
fmther implies that girls with the favourable 
attitude towards mathematics are better in their 
'coding" ability than the boys with unfavourable 
attitude. 

6, Hoys/Girls with favourable/unfavourable attitude 
towards mathematics differ significantly in respect 
of their logical thinking operation - coding. 


However, t he multiple comparison of means using Scheffe s test 


reveals the following : 




Table - 


SI. j 

No. 

"1" ! 

_ „ * 

9 


5,20 i SchcfTe's Multiple Comparison of Meaus ‘Coding’ 
{Caste X Attitude) 


Note 


Cmnpauvm 
of Treanmnd 
Groups 
hi <■: Atb. r - 

bs r, 8r. 1*. * 

b: r : % b. • - 

1); C; **'*. It. * t 
b,i r• *v. 5 1, c, 

, The me ,mi 


t m: 1 espnjidmg 
Yav.ns 


Simultaneous 

Confidence 

Internal 


*m k.u6 33 4693 3.3124; 5.9590 


•V* <,47 3 >t. 33 1U99 4.4004; 7.0470 


3 S s Vb< -v. 33.. 0)03 4,4986; 7.1452 

*7 \ 23.1019 3.2225; 5.8691 


’ \ ' .i», { »3 ,v, 23 1019 9.0441; 11.6910 
>s v jr ., n * •*{,,. „*h<<: Meatment groups are not significant. 


Signifi 

cance 


Yes 


Yes 


Yes 


Yes 


Yes 


The nn.dvMs n! «he above ’able jovrals the following : 

i. The moms ni »h*» tteuiment group biCi (28.8336) is 
less*** than the mean ol the treatment group b 2 c 2 
(33.4693) This implies that students from 
advantaged backgmumi with unfavourable attitude 
a,r br-ttri m Vodmg' ability than the students from 
disadvantaged background with favourable attitude. 

h. The mean of the treatment group biCa (27.6473) is 
gt eater than the mean of the treatment group b 2 ci 
(23 1999). This implies that students from 
advantaged bac kground with unfavourable attitude 
is better in 'coding* ability than the students from 
disadvantaged background with favoura 

attitude. 

iii.The mean of the treatment group bici (28.8336) is 
lesser than the mean of the treatment.group b 2 ^ 
(33 4693) This shows that stu 




better m 'aiding’ ahihtv than the students from 
disadvantaged background with favourable attitude. 

jv. The mean of fhr* tieatmcnt group turn (27,6477) is 
greater than thr mean of thr treatment, group b 2 C 2 
( 2,1 HUn). This shows that students from 
advantaged background with unfavourable attitude 
are better m ‘(aiding' ability than vStudents from 
disadvantaged background with unfavourable 
attitude, 

vs The inrun of the treatment group byCi (33.4693) is 
greater than thr mean of the treatment group b 2 c 2 
(2110 hi). This indicates that students from 
disadvantaged background with favourable attitude 
arc* better in ‘coding* ability than students from 
disadvantaged background with unfavourable 
attitude, 

7, Hoys/0iris from advantaged/disadvantaged background 
with favourable/unfavourable attitude towards 
mathematics differ significantly in respect of their 
logical thinking operation-coding 

However, the multiple comparison of means using Scheffe’s test 


reveals the following ; 




Table - 5.21 : Scheffe’s Multiple Comparison of Means - ‘Coding’ 
(Sex X Caste X Attitude) 


SI. 

No. 

Comparison ,, .. 

of Treatment l nrrrsp.mdmf! 

(Sroups i M,Mms 

1>.< . AY. I'Un 10.1)00 

Simultaneous 

Confidence 

Internal 

Signifi 

cance 

1 

11.4860; 14.1320 

Yes 

2 

aibie^ajh.'Ci 24.7000 ft-. 40.000 
mbftiftadv <V ) 40.0000 ft-. 2 1.0667 
aib,C)ft,a..b)C\< ; 40,0000 ft, 30.4761 
aibftift.a.4), o * 40.0000 ft. 30.5263 
ailM*ift.a.>b,>r- ‘ 40.0000 ft 26.9388 
aib.-rifta.4Mv ’ -10.0000 ft 24.5370 
admvfta,b,n ! 2 1 ,(i(>07 ft 30.4761 

h 

a4fttvfta 2 b,r.- | 21.6667 ft 30.5263” 

13.9170; 16.5630 

Yes 

3 

. 

17.0100; 19.6560 

Yes 

4 

8.2006; 10.8470 

Yes 

5 

8.1504; 10.7970 

Yes 

6 

11.7380; 14,3840 

Yes 

7 

14.1400; 16.7860 

Yes 

8 

7.4861; 10.1333 

Yes 

9 

7.5363; 10.1830 

Yes 


v .. . __I_ 

Note 'Hu* mean valuer* of the other treatment groups are not significant 


It is revealed from the* above table that the mean values of the 
treatment groups adhCi, aibiCu, adftCi, aib 2 c 2 differ significantly from 
their corresponding groups aib 2 Ci, aib 2 Ci, a 2 biC 2 , aabiC 2 , a 2 biC], a 2 biC 2 , 
a 2 b;ei, aduev, a 2 t)in and aA)\c/ in their logical thinking operations-coding 
as their simultaneous confidence intervals are in the same direction. 

However, the observation of means of these groups dearly 
reveals the following : 

i. The mean of the treatment group aibiCi (27.1910) 
is lesser than the mean of the treatment group 
aib 2 ci (40.000). This implies that boys from 
disadvantaged background with favourable attitude 
are better in ‘coding’ ability than the boys from 
advantaged background with favourable attitude 
towards mathematics. 




i. The mean of the treatment group aibic 2 (24,7600) is 
lesser than the mean of the treatment group aib 2 Ci 
(40,000). 'Hus implies that hoys from disadvantaged 
background with favourable attitude are better in 
‘coding’ ability than the boys from advantaged 
background with unfavourable attitude 

lii. The* mean of the treatment group aib 2 ci (40.000) is 
greater than the mean of the treatment group 
aih 2 r.. (21 .067). This shows that boys from 
disadvantaged background with favourable attitude 
are better m coding than the boys from 
disadvantaged background with unfavourable 
attitude. 

iv. The mean of the treatment group aib^ci (40.000) is 
greater than the mean of the treatment group 
uv-bid (30.4761). This indicates that boys from 
disadvantaged background with favourable attitude 
are better in ‘coding 1 ability than the girls from 
advantaged background with favourable attitude, 

v. The mean of the treatment group aibaci (40.000) is 
greater than the mean of the treatment group a 2 bic 2 
(30,5263). This shows that boys from disadvantaged 
background with favourable attitude are better in 
‘coding 1 ability than the girls from advantaged 
background with unfavourable attitude. 

Vi. The mean of the treatment group a,b 2 c, (40.000) is 
greater than the mean of the treatment group 
actual (23.9388). This indicates that boys from 
disadvantaged background with favourable attitude 
are better in 'coding' ability than the girls from 
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disadvantaged background with favourable 
attitude. 


vii.Thf* mean of the treatment group a^aCi (40.000) is 
greater than the mean of the treatment group 
aduev (24.5370). This shows that boys from 
disadvantaged background with favourable attitude 
are better in 'coding' ability than the girls from 
disadvantaged background with unfavourable 
attitude. 


viii. The mean of the treatment group aibac 2 (21.6667) 
is lesser than the mean of the treatment group 
adorn (20.4701). This shows that boys from 
disadvantaged background with unfavourable 
altitude are lacking in ‘coding’ ability when 
compared to girls from advantaged background with 
iavouiable attitude. 

ix, The mean of the trefitment group aibaca (21.6667) 
is lesser than the mean of the treatment group 
adno, (30.6263). This shows that girls from 
advantaged background with unfavourable attitude 
are better in ‘coding’ ability than the boys from 
disadvantaged background with unfavourable 
attitude. 




Interaction Effect of Sex, Caste and Attitude on Logical Thinking 
Operation ~ Inference 


The sumnsu v Ndfir .itmiysjs oS vaiimue is given below. 

Table - 5.22 : Summary Table of ANOVA with Respect to Logical 
Thinking Operation - Inference 


Smuer ni 

ill 

Sum nj 

Variation 

Mam hffec a- 

- 

Ssju.u e’v 

A (Sex! 

1 

Vo ttol 

H (Caste) 

i 

3 o.} 3 

C (Altitude} 

* 

it).; 

2-way Intej, u 'inn 

u 


A X B 

n 

4.3 3fi 

A X C 

5 

20.433) 

B X C 

1 

* 

S 3 0.473 

3-way Interne lion 

• 


AXHXC 

1 

120.808 

- * h 

Is rr or 

* 

20,4 ' 

70.13.70 

Total 

307 ", 

a IB 

Note - NS Not SigntiK 

ant 



Findings 


Mean 

Squares 

K-ratio 

Significance 

70.001 

0 9203 

NS 

1.041 

0.0255 

NS 

104.288 

1.3699 

NS 

; 4.340 

0.0571 

NS 

j 20.529 

0.2697 

NS 

) 10.573 

1.5313 

NS 

„ 120,868 

1,5877 

NS 

! 0.2580 



j 




The analysis of the above table reveals the following : 


1. Boys and Girls do not differ significantly m respect 
of their logical thinking operation - Inference. 

2, Advantaged and disadvantaged students do not 
differ significantly in respect of their logical 
thinking operation - Inference. 




•*« * >* m *« .*r,d ud.tvmuabk* altitude 


V, 

: „.** % d-v :„ra tbt!Vr significantly in 

. t • , ■« *;,r ' 4 )Auk\hi\ n]rr.itHm-Infcrcnce, 


7, ?] ,jn*aged ‘'disadvantaged 

M , ; ; o , 4 « • d : ,* sntiaJa unflv m respect of 
-v^va' Infnenrr, 


t ] t» C, H ' - " f 


& f t 4 «l r ^ V ll 

i r u 


;; i r.e. dilc miiavnurablr attitude 

■. ilniml (inter significantly in 
t*!,(■;: .1! dunking11j>rratinn-Infcrcnce. 

1,. Adv.inViyd ths.Kh.udugeti students with 
;,j'. wu: .tiih* .dde attitude towanls 

•. «ht hi'' tidier Mgniiieantly in respect of 
Ijicv, '.rn-si .1: 'kinking ujKT.ititm - inference. 


V Hiiv. 1 tsih • inning hum advuntagcd/disadvantaged 

wuii lavmuablr/unfavnurablc attitude 
ui'A.utis ui.itliciaatu s tin not differ significantly in 
n ..,p,., 1 n! then Itigital thinking operation-inference. 




Interaction Effect of Sex, Caste and Attitude on Logical Thinking 
Operation - Application B 


The snnaaar 


da 


at 


jaivsis of variance is given below : 


Table ~ 5.23 : Summary Table of ANOVA with Respect to Logical 
Thinking Operation ~ Application 


5nm< e <4 

7. a rataui 

,. Man fi! 

OJ 

.apia? r.s 

Mean 

Scni .ues 

t 

J 1 '-ratio 

Significance 

Mam h;n*<' a 





A (SrM 

j d Ga. H 

■ Id,. 1068 

0.1466 

NS 

B gMstia 

(•,* 3 f } r i t 

32 1)147 

0.3858 

NS 

(’ |AIJOniii”, 

: a vo tx 

Oa 1.7038 

7.8546 

Yes 

2 AV.lV 

Inter .k !mn 

AX 51 

: b» y j.hu 

3d..7366 

0.3944 

NS 

A X (* 

: :od. d.-.ns 

163.2508 

1.9673 

NS 

h x c 

t :Va mail 

17a.1086 

2.1113 

NS 

. 

d-way 
lateral tno; 

A X it X V 

t 46 t.dOa.i 

; 463.2053 

5.5831 

Yes 

Kl ! HI 

do a Mg OHIO 

i 0.2812 



Total 

i n 

ntd loi.t 

1 




Findings 


The analysis nt tin* above table reveals the following : 


1. H«vs arid Girls do not differ significantly in respect 
of their logical thinking operation - Application. 

2. Advantaged and disadvantaged students do not 
differ significantly in respect of their logical 
thinking operation - Application 




3. 


S f urlr*Whh 
* nv. , 1 1 f l u 3 ; Ci '.»■ m. »* i* 
n! ‘h»*5; 1 * 1 ^;+* . d * 5 uuk 


-»!*]#' anrl unfavourable attitude 
s ddhu -ugnihcontly in respect 
*»;?’ operation Application. 


r.r: . ‘!:* i m! isiM-.vtJion nf two means, of 
5.r.-. : *> me; *i:4.r. -enable attitude groups clearly 

lailif a!r-s tiud 'he uesm nt the treatment group 
,UU‘ue,f' “?*< 5 ( t7?>j is greater than the 
menu n5 'he < o;:able aftitude group (17,6596). 

This tn:?he; mtphes that students with favourable 
altduile uiw.iids mat hematics are better in the 
3<igtt ,d thsuSout', nprsatmn Application than the 
student's wsth unJavourable attitude towards 
uja" heiuals* s 


4. itovs < U; N wish advantaged/disadvantaged 
hat’kgiMund do not flitter significantly in respect of 
thru logical dunking operation - Application. 

а. Hu\ s tJuSs wiili lavomahlc/unfavourable attitude 

Jowoids mat hematics do not differ significantly in 
respect of their logical thinking operation- 

Applieafirm. 

б. Advantaged /disadvantaged students with 

favourable/ unfavourable attitude towards 

mathematics do not differ significantly in respect of 
their logical thinking Operation-Application. 

7. Hoys/Girls coming from advantaged/disadvantaged 
background with favourable/unfavourable attitude 
towards mathematics differ significantly in respect 
of their logical thinking Operation-Application. 





Table - 5.24 : Scheffe's Multiple Comparison of Means-Application 
(Sex X Caste X Attitude) 


j SI. 

; Mo 

c'nmjKU jvin . e 
Tl 

( rj U's; 1 *. 

fr * 


Simultaneous 

Confidence 

Internal 

Signifi 

cance 

j 1 

a h-i .i !».r 

; 7 |M* ti, 28 3330 

: 0.0738; 11.9780 

: 0.8827; 12.7820 

Yes 

1 ~ 

r i d 1 1 "1 < , M*« * 4 1 5 i . f ' 

7 uurio 28.8330 

Yes 

| 3 

' i l { t “ 11 ”» * * X * f i t 

.K hiOt tv. 17.3052 

1 0.7775; 12.6780 

Yes 

i 4 

iislfit , 17. .1,!*,* , 

2H 33 U) 5. 20.0000 

j 0.8877; 9.7823 

Yes 

i 8 

aih.c i .‘V. a. 

’ 28 iUU 8*. 18.0815 

] 7.0012; 10.8020 

Yes 

! 0 

i 

it31 )jVj i V- * 

’ 3 1 (>(>07 h 21.9047 

8.7874; 11.6880 

Yes 

| 7 

a:h.t. i7. 

’ 31.0007 H-. 20.0000 

6.8827; 9.7833 

Yes 


Note *lbc nit'.tn \.due*, t>! the nthrr treaUrtent groups are not significant, 


Findings 

The unulvMs u! the above table reveals the following : 

1. I'he mean value off (he treatment group aibiCi, 
(17.H00Kj is lesser than the mean value of aib 2 ci 
(28.3330). This implies that boys from 
disadvantaged background with favourable attitude 
are better in their logical thinking operation 
application than the boys from advantaged 
background with favourable attitude. 


2, The mean value of the treatment group aibic 2 
(17.000) is lesser than the mean value of aib 2 ci 




(28.3330) . Tins implies that boys from 

diSiid\ .in*. fger 1 but kgiound with favourable attitude 
an* betfra m ihrii l( W ral flunking operation ~ 
appluafion Minn Ihr boys Trom advantaged 

background with unfavourable attitude. 

3. The mean value of the treatment group aibaCi, 

(28.3330) is greater than the mean value of a?b 1 C 2 

(17. 1 OH 21 Tins implies that boys from 

disadvantaged baekgtound with favourable attitude 
are beftri :n their Ingiral thinking operation — 

ajiplusn mu than Ov gui.s from advantaged 

barkgmuml with uni. ivmn able attitude. 

4. The mean value of the treatment group aib^Ci, 

(28.3330) is greater than the mean value of a^b-jci 

(20.0000b 'Hus implies that boys from 

disadvantaged background with favourable attitude 
are better m their logical thinking operation — 

apphralion than the girls from disadvantaged 

background with favourable attitude. 

5. The mean value* of the* treatment group aibaCi 

(28.3330) is greater than the* mean value of a^b^ci 

(18.98 13). This implies that boys from 

disadvantaged background with favourable attitude 
are better in their logical thinking operation - 

application than the girls from disadvantaged 

background with favourable attitude. 

6. The mean value of the treatment group aib 2 C 2 , 
(11.6667) is lesser than the mean value of a 2 bici 
(21.9047). This implies that girls from advantaged 
background with favourable attitude are better in 




Its 


thru iogitml Mimkmi' npfratmn * application than 
dm bnvs ''in!; drs.sd". *mt,»ged background with 

unktvnurabir .sttstndr 

7, The nu'.iU v.ihir ni the treatment group aib^c^ 
ill.tfhh/; ;•» mva-i than *!so mean value of arbaCi 
(jn.Onnj ’I his mapkrs thm gtils from disadvantaged 
background -.v:*h favourable attitude are better in 
tbrir logic, d i kmkmg operation - application than 
the bnvs !inu, disadvantaged background with 
imiavuur.ibSe a’h’ude. 

Interaction Effect of Sex, Caste and Attitude on Logical Thinking 
Operation - Problem Solving 

The summary table o5 amdvMs n! variance is given below, 


Table - 5.25 : Summary Table of ANOVA with Respect to Logical 
Thinking Operation - Problem - Solving 


Source n! 
Variation 

,, Sum ot 

Squ.ueN 

Mean 

Squares 

F ratio 

Significance 

Main Effects 





A (Sex) 

1 1 Uf.4 

1.13(>4 

0.0183 

NS 

B (Castej 

! .if! 4304 

30.4254 

0.4909 

NS 

C (Attitude) 

5 ! 1 2.97/ 1 

1 12 977 1 

1,8227 

NS 

2-way Interaction 
ax n 

- 1 S 34.2251 

34.2251 

0.5522 

NS 

AX C 

1 l.1543 

1.1543 

0.0186 

NS 

B X c 

I 57 0150 

57.0159 

0.9199 

NS 

3-way Interaction 

" 




AX B X C 

S I • 90.4557 

,t i 

) 

99.4557 

l 

1,6046 

NS 

Error 

j 295 ] 51,9817 

0.210 



Total 

j 302 i 398 

!".~ 




Note - N.S * Not Significant 




Findings 
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die tallowing : 
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¥ >5 


' ds'in siginhrantly in respect 
’»P'*3 muhu problem-solving. 


•r*’ 


f 3 


is*-.-!<lv.siPoi't’d students do not 
j rsjircf nt their logical 

p;solving 


TO 


1 On 


a. b> .tied nnovourable altitude 
, •• f. !> ' nn 1 * dbler significantly in 
flunking op('ration - 


l iinv, <n:Ss ‘Ape .sdv.miagrd/disadvantaged 
b.ir >i*i ’.o’, ddle: signilirantiy in respect of 

•hr:: ‘.ujv .n , n;uku.g'jper.dsmi problem-solving. 

•y Hnv*. 'nsb-. v.uh !. e/mu ««ble_. unfavourable attitude 
Tnv.nnr. s du not differ significantly in 

| ("',[»'( ! ks! 1 1 ,e35 ;f»glk « d 1 Inn king operation - 

in-born, v-h me 

h Adv.uu.sged l ny. m staged Students with favourable/ 
uisf.iVHuntlik attitude towards mathematics do not 
diffej’ wgmlM ardlv in respect of their logical 
thinking, operation - problem-solving. 

7. Hoys; On is coming, from advantaged/disadvantaged 
backgimind with favourable/unfavourable attitude 
towards mathematics do not differ significantly in 
respect of their logical thinking operation 

problem-solving. 




5.4 Multiple Regression Analysis 


The v.gm!:* md /**!'* *adn * tinnn!iiius between logical thinking 
operation* ol stud'am, nr„r b.-.n*:. and thru academic achievement 
in Mathematics on *5,r . »mmni be taken to he final and ultimate. 

This can be due *■< ":mdr: 'nrrelahon between any two 
variables being ‘Iasi * otm.vm brpmdem e upon a third variable or 
several other v.-.: i.<b'e\ 


The must - oimnonb. used procedure in the prediction of a 
continuous eider ion v.amble is the multiple linear regression model 
(Guilford, l<a in , Weigh?*, known ns regression coefficients are 
determined lor e.e L rcedo mr valuable, Ihe resulting sum of squares 
on the composite m the'.i* vat rabies will show the highest possible 
relationship limihsple t uriHubon! with the criterion variable. 

In oi'dei to determine the total and relative contributions of the 
different logical thinking operations in bringing about desirable 
changes in the academic achievement in mathematics of the students 
studying in secondary schools, multiple regression analysis technique 
was used. 

In this method, multiple correlations and multiple linear 
regressions reveal the degree to which each independent variabl 
related to academic achievement (criterion). The product of p 
with correlation coefficient of the respective criterion variable 




predictor vm J-d*> »>« '?.*■ *v«-r ‘ “•* vdm h *he re sportive predictor 

variable \ s r '>*'•:of she variation in the 

criterion \anahb' "mrim ■ mrinams, ft! linearity. Often this 
contribution ss r\piew<: ■*. p-f n;t..i*r wnb the square of the 
multiple (oneiasion * omm **:/ .d\n heme expressed m percentage. 


Regression * nr**,: .md nmhhplc t nrrrlatirms reveal the 

degree to whs* b o,m'< n.dm w dra " v,»j t ,jiile is related to academic 
achievement sn \, vdv> ?he rstei t ol all other independent 

variables is < on'm-wd hi -.drMiv. 'his tvpe of relationship between 
five logical fhmhiso' opm,<i;i * 1 jo one hand, and the academic 
achievement m s on the other hand, the multiple 

correlation and malhple i egression analvsis were carried out. 


The procedure used n: detemmmig the relative contributions of 
the five logical thinking opes. dams m bringing about variance in the 
academic achievement nf mathematics in Scheduled Caste students is 
described below ■ 


Criterion - Academic Achievement in Mathematics among SC 
Students 

The regression coefficients obtained for the five logical thinking 


operations are shown in the following table ; 
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Table - 5.26 : Regression Coefficient and Multiple Correlations 
between Logical Thinking Operations and 
Academic Achievement in Mathematics (SC) 


Predictors 

Reg. 

Coefficient 

SE of 
Coefficient 

V Value 

P- 

Value 

Signifi 

cance 

Observation (Xi) 

-0.0479 

0.0863 

-0,5544 

0.5806 

NS 

Coding (Xj) 

0.4164 

0.0952 

4.3758 

0.0000 

Yes 

Inference (X.i) 

0.1427 

0,0937 

1.5221 

0.1313 

NS 

Application (X-i) 

0,0998 

0.1001 



NS 

Problem - 
solving (Xr.) 

0.1427 

0.0868 

1.6439 

0.1035 

NS 


R 

0.5678 

F-Value 

9.0419, P<0 01, Significant 

SE phi 

0.8445 


The regression equation predicting total academic achievement 


in mathematics (Y;) turned out to be. : 


Y'2 - 0.00 - 0.0479(Xi) + 0 4164(Xa) + 0.1427(X :i ) + 0.0998(X 4 ) + 0.1427(X 5 ) 

The multiple R of the regression equation is 0.5678. For testing 
the multiple correlation coefficient the F ratio (9.0419) was found to be 
significant at 0.01 level. Therefore, the corresponding null hypo¬ 
thesis is rejected. Thus, the significance of R suggests that estimation 
of academic achievement in mathematics is possible on the basis of 
five logical thinking operations, viz , observation, coding, inference, 
application and problem-solving, Further, the regression equation 
shows that coding has greater impact (0.4164) than all other 
predictors. Logical thinking operations like observation, coding, 
inference, application, and problem-solving can be used to predict 
academic achievement in mathematics with the coefficient of multiple 







170 


determination R J as 0,322. It can, therefore, be said that 32.2 percent 
of the variation in (he academic achievement in mathematics can be 
accounted by (he five logical thinking operations, 

The SIvm for the regression equation is 0.8445. This means 
that each time the regression equation the sample is used to predict 
total adjustment the chances are about 1 in 100 that predicted total 
academic achievement in mathematics that will not miss the actual 
total academic achievement in mathematics of SC category students 
by more than ± 0.8445. 

The index of forecasting efficiency (E = 1 -Vl-R 2 ) was found to 
be 17.66. This means that predictions by the means of regression 
equation is 17.66 per cent better than those made merely from a 
knowledge of the mean of the (Yu) values. 

Negative regression coefficient associated with Xi, may be 
attributed to the fact that it has zero correlation with criterion, but 
high correlations with valid predictors. Such a variable is called a 
'suppressor variable'. It increases the multiple correlation by 
(suppressing) some of the invalid variance of the valid predictors 
(Dubois, 1965). 

The relative contributions of the five logical thinking operations 
in terms of variance predicted by each are given by the corresponding 
values and are given in the following table ; 
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Table - 5.27 *. Relative Contributions of the Five Logical Thinking 
Operations in Predicting Academic Achievement in 
Mathematics in SC Category 


Predictors 

*(V 

Values 

V Values 

P x r 

% of 

Contribution 

Observation (Xi) 

-0.0479 

0.5300 

-0.00254 

-0.254 

Coding (X?j 

0.4164 

0.5138 

0.21394 

21.395 


0.1427 

0.3105 

0.04430 

4.430 

Application (X-i) 

0.0998 

0.3384 

0,03377 

3.377 

Problem - 
solving (X:>) 

0 1427 

0.2309 

0.03294 

3.295 


Total 


32.243 


From the above table it is evident that in case of SC category 
students about -0.254% of the criterian variable is accounted for by 
variance in the observation, about 21.395% by the coding, about 
4.430% by the inference, about 3.377% by the application and 3.295% 
by the problem-solving. Thus, coding seems to be the best predictor 
of all the predictor variables, the next best predictors of total academic 
achievement in mathematics in the order of priority are inference, 
application and problem-solving, whereas observation has 
suppressing effect on the academic achievement m mathematics 

among SC categoiy students. 


Criterion - Academic Achievement in Mathematics among ST 
students 

The regression coefficients obtained for the five logical thinking 
operations for ST category students are shown in the following table . 
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Table - 5.28 : Regression Coefficient and Multiple Correlations 
between Logical Thinking Operations and 
Academic Achievement in Mathematics (ST) 


Predictors 

Reg. 

Coefficient 

SE of 

Coefficient 

V Value 

P- 

Value 

Signifi 

cance 

Observation (Xj) 

0.2508 

0.0868 

2.8903 

0.0048 

Yes 

Coding (X/,) 

0.3436 

0.0865 

3.9733 

0.0001 

Yes 

ic'encr '.X ■) 

0.3906 

0.0870 

4.4909 

0.0000 

Yes 

Application (X-t) 

-0.1052 

0.0938 

-1,1219 

0.2647 

NS 

Problem - 
solving (X:,) 

0.1170 

0 0816 

1 4344 

0.1547 

NS 


~ — - i „ * - - - - — — i 

R 0.6659 


F-Value 15.1390, P<0,01, Significant 

- 0,7654 


The. regression equation predicting total academic achievement 
in mathematics (Y,) turned out to be : 


Y; = 0.00 + 0.2508(Xi)+0.3436(Xi)+0.3906(X3)-0 ) 1052(X4)+0.1170(X5) 

The multiple R of the regression equation is 0 6659. For testing 
the multiple correlation coefficient the F ratio (15.1390) was found to 
be significant at 0.01 level. Therefore, the corresponding null 
hypothesis is rejected. Thus, the significance of R suggests that 
estimation of academic achievement in mathematics is possible on the 
basis of five logical thinking operations, viz., observation, coding 
inference, application and problem-solving. Further, the regression 
equation shows that inference has greater impact (0.3906) than all 
other predictors. Logical thinking operations like observation, coding 
inference, application and problem-solving can be used p 
academic achievement in mathematics with the coefficient of multiple 
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determination R 2 as 0.443. It can, therefore, be said that 44.3 per 
cent of the variation in the academic achievement in mathematics can 
be accounted by the five logical thinking operations. 

The 5>D cst foi the regiession equation is 0.7654, This means 
that each time the regression equation for the sample is used to 
predict total adjustment the chances are about 1 m 100 that predicted 
total academic achievement in mathematics that will not miss the 
actual total academic achievement in mathematics of ST category 
students by more than ± 0.7654. 

The index of forecasting efficiency (E = 1 -Vl-R 2 ) was found to 
be 25.37. This means that predictions by the means of regression 
equation is 25,37 per cent better than those made merely from a 
knowledge of the mean of the (Ya) values. 

Negative regression coefficient associated with may be 
attributed to the fact that it has zero correlation with criterion, but 
high correlations with valid predictions. Such a variable is called a 
‘Suppressor Variable’. It increases the multiple correlation by 
(suppressing) some of the invalid variance of the valid predictors j 
(Dubois, 1965). 

The relative contributions of the five logical thinking operations 
in term of variance predicted by each are given by the corresponding 
values and are given in the following table : 
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Table - 5,29 : Relative Contributions of the Five Logical Thinking 
Operations in Predicting Academic Achievement in 
Mathematics in ST Category 


Predictors 

iv :. 

Values 

•’ Values 

p X r 

% of 

Contribution 

_ . _ „ « 

* 

0.4513 ' 

0.11319 

11.319 

Observation (Xi) ; 

turum : 

Coding (X.<) 

0.3430 ; 

0.478b 

0.16445 

16.445 

, „ _ ¥ 

Inference (Xi) 

0.3006 \ 

0.4352 

0.16999 

16.999 

Application (X 1 J 

0.1052 i 

-0.2754 

-0.02897 

-2.897 

„„ „ « 

Problem • i 

solving (X.) ' 

0.1 170 j 

l 

02118‘ 

0,02478 

2.478 

Total 



44.344 


From the almvt* table, it is evident that in case of ST category 
students about - 2.807% of the criterion variable is accounted for by 
variance in I he application, about. 16.999% by the inference, about 
16.445% by the ending, about 11.319% by the observation and 
2.478% by the problem- solving Thus, inference seems to be the best 
predictor of all the predictor variables ; the next best predictors of the 
total academic achievement in mathematics in the order of priority 
coding, observation and problem-solving, whereas application 
suppressing effect on the academic achievement in mathematics 

among ST category students. 


Criterion - Academic Achievement in Mathematics among 
General Category Students 

The regression coefficients obtained for the five logical thinking 
operations for General Category students are shown in the following 


table : 
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Table - 5.30 : Regression Coefficient and Multiple Correlations 
between Logical Thinking Operations and 
Academic Achievement in Mathematics (GM) 


Predictors j 
Observation (Xi) j 
Coding (Xj) 
Inference (X.O 

Application (Xu) ; 

--- | 

Problem - j 

solving (X:') i 

R *' 

F-Value 

”sr7m" ' 


Reg. 

Corflicicnt 

SK of 
Coefficient 

V Value 

P- 

Value 

Signifi 

cance 

0.073() 

0.0547 

1.3452 

0.1796 

NS 

0.3289 

0.0557 

5.9022 

0.0000 

Yes 

0.2334 

0.0584 

3.9974 

0 0001 

Yes 

-0.0066 

0.0615 

-0,1076 

0.9143 

NS 

0.0521 

0.0531 

0.9817 

0.3270 

NS 


0.4 

-795 

17.7310, P < 0.01, Significant 


0.8849 

i 




The regression equation predicting total academic achievement 
in mathematics (Y;) turned out to be : 

Ya = 0.00 + 0.0736(Xi)+0.3289(X2)+0.2334(X: 1 )-0.0066(X^)+0.0521(X 5 ) 

The multiple R of the regression equation is 0.4795, For testing 
the multiple correlation coefficient the F ratio (17.7310) was found to 
be significant, at 0.01 level. Therefore, the corresponding null 
hypothesis is rejected. Thus, the significance of R suggests that 
estimation of academic achievement in mathematics is possible on the 
basis of the five logical thinking operations, viz., observation, coding, 
inference, application and problem-solving. Further, the ^regression 
equation shows that coding has greater impact (0.3289) than all other 
predictors. Logical thinking operations like observation, coding, 
inference, application and problem-solving can be used p 
academic achievement in mathematics with the coefficient of 'p 




176 


determination K* ! as 0.229. It can, therefore, be said that 22.9 per 
cent of the variation m the* academic achievement in mathematics can 
be accounted by the five logical thinking operations. 

The SR r-.. for the* regression equation is 0.8849. This means 
that each time the* regression equation for the sample is used to 
predict total adjustment the chances are about 1 in 100 that predicted 
total academic achievement in mathematics that will not miss the 
actual total academic achievement in mathematics of General 

Category students by more than ± 0.8849. 

The index of forecasting efficiency (E = 100 (1-Vl-R 2 ) was 
found to he 12.25. This means that predictions by the means of 
regression equation is 12.25 per cent better than those made merely 
from the knowledge of the mean of the Y-i values. 

Negative regression coefficient associated with X 4 may be 
attributed to the fact that it has zero correlation with criterion, but 
high correlations with valid predictors. Such a variable is called a 
'suppressor variable’, It increases the multiple correlation by 
(suppressing) some of the invalid variance of the valid predictors 
(Dubois, 1965). 

The relative contributions of the five logical thinking operations 
in terms of variance predicted by each are given by the corresponding 
values and are given in the following table : 
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Table - 5.31: Relative Contributions of the Five Logical Thinking 
Operations in Predicting Academic Achievement in 
Mathematics in General Category 


Predictors ■ 

; 

'(V 

Values 

*r* Values 

(8 x r 

% of 

Contribution 

Observation (Xi) 

0,0736 

0.2226 

0.01638 

1.638 

Coding (Xa) 

0.3289 

0,4055 

0.13337 

13.337 

Inference (X.i) 

0.2334 

0.3138 

0.07324 

7 324 

Application (X. t ) 

-0.0066 

0,2396 

-0.00158 

-0.158 

Problem - 
solving (X:,) 

0.0521 

0.1631 

0.00849 

0.849 

Total 



22.99 


From the above table, it is evident that in case of General 
Category students about - 0.158% of the criterion variable is 
accounted for by variance in the application, about 13.337% by the 
coding, about 7.324% by the inference, about 1.638% by the 
observation and 0.849% by the problem-solving, Thus, coding seems 
to be the best predictor of all the predictor variables; the next best 
predictors of total academic achievement in mathematics in the order 
of priority are inference, observation and problem-solving, whereas 
application has suppressing effect on the academic achievement in 
mathematics among General Category students. 







5.5 Path Analysis 


In simple, multiple and multivariate regression analysis, 
emphasis was on thr study oi the extent to which the dependent 
variahle(s) get affected by the contribution of the independent 
variable(s) on oiigmal st ale of measurement being standardized for 
comparison of the scores with the studies being carried out by others 
with the. same variableis). The regression coefficients obtained by 
carrying out simple, multiple or multivariate, regression analysis were 
found to get affected bv the unit of scale of measurement. In other 
words, the. values of the regression coefficients of the variables get 
altered with the change of unit of measurement of the variable(s). In 
order to understand the true relation between the dependent and 
independent variables if becomes necessary to have regression 
coefficients independent of the unit of measurement of the variables. 
This is achieved by both the dependent and independent variables 
being standardized as : with fi and cr being the mean and 

O 

the standard deviation of the variable X : It is evident that the 
standardized variable Z has mean Zero (0) and variance one (1) 
(Garrett, 1981, pp. 313) With the standardized variables, the 
regression coefficients will be having the same value as that of the 
corresponding correlation coefficients. The regression coefficients are 
directional in the sense that they indicate the direction in the form of 
independent variable as the cause of the corresponding dependent 
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variable. Thus, the regression coefficients in the regression models of 
the standardized variables, have come lo named as path (directional) 
coefficients, wilh the palh ((limition) being from an independent 
variable towards the corresponding dependent variable. Hence, the 
regression analysis carried out with the help of standardized variables 
has conic lo lie known as path analysis. It is worth nothing that, the 
values of the path coefficients as regression coefficients of 
standardized variables, are the same in their values as those of the 
corresponding inn-elation coefficients. In magnitude, the correlation 
coelfieirnls me l he same as the path coefficients but path coefficients 
are directional while the correlation coefficients arc not directional, 
though both are independent of the units of measurement of the 
corresponding variables. 

Addl'd advantage, of path analysis over multiple linear regression 
analysis is that of finding the diicct and indirect effects of the 
independent variables on the corresponding dependent variable. In 
general, a variable can have its effect on a dependent variable with the 
effect being revealed by the magnitude and the direction of the path 
coefficient of the independent variable. It can also have an effect on 
the dependent variable by the virtue of its relation with another 
independent variable. Thus, the effect of an independent variable on a 
dependent variable as revealed by the path coefficient of the 
independent variable is known as direct effect of the independent 
variable, On the other hand, the effect of an independent variable 
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through another independent variable is termed as indirect effect of 
the independent variable on the dependent variable. 

Fignte - 5.2 : Direct and Indirect Paths 



In the. above figures Pi is direct effect of Xi on Y, ra.i Pi is 
indirect effect of Xi on Y through Xi and Pa is direct effect of X 2 on Y. 

A variable not exerting direct effect on the dependent variable, 
may exert indirect, effect on the dependent variable through an 
independent variable. Such a phenomena holds good in many 
situations 


Figure - 5.3 : Indirect Paths through Intermediatory Variables 



In the above figure Xi, X2 and X3 are the independent variables 
each having direct effect as well as indirect effect on the dependent 
variable Y. The variables ui, U 2 , ua, vi and V 2 are also the independent 
variables with only indirect effect on Y through some or all of the 
independent variables Xi, X 2 and X3 as indicated in the Figure 5.3. 
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In such situations the variables X,, x 2 and X 3 are called the 
intermedia!ory variables brUvren Y and ui, u 2j u 3 , vi and v 2 . 

From the above nai ration it is evident that a variable can have 
only direct effect, only induced effect and both direct and indirect 
effects on a dependent variable or variables. 

Direct and Indirect Paths from Logical Thinking Operations to 
Achievement in Mathematics among SC Students 

Multiple regression analysis of standardised logical thinking 
operations find academic achievement variables was carried out to 
identify direct paths (effects) from each of the logical thinking 
operations to the academic achievement in mathematics variable. The 
simple correlation of a logical thinking operation with another logical 
thinking operation having significant direct path with an academic 
achievement variable, was considered as indirect path from the logical 
thinking operation to the academic achievement variable through the 
other logical thinking operation having direct effect. The actual values 
of indirect paths were to be obtained as partial correlation coefficients 
among the logical thinking operations but it was beyond scope of the 
study. 

The diagram of direct and indirect paths from each of the logical 
thinking operations to the academic achievement variable is presented 
in Figure - 5.4. 




Figure - 5.4 : Direct and Indirect Effects of Logical Thinking 

Operations with Mathematics Achievement 

Scores (SC) 


Indirect Paths 


H 3 


II !?J>4 
|»l s ~"f 

Li) 'lIV. 
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id Thinking 
t )peiat!(ins 


Direct 

Paths 



From the figuie of direct and indirect paths the following 
observations v;eie made : 

i. The logical thinking operation, i.e., coding has 
direct effect on academic achievement in 
mathematics with direct path coefficient as 0.4164 
in case or SC students. Moreover, inference 
(0.1427), application (0.0998) and problem-solving 
(0.1427) having positive effect on academic 
achievement in mathematics, However, observation 
(-0.0479) having negative effect on achievement in 
mathematics. However, coding also exert indirect 
effect in respective direction on academic 
achievement through application. Similarly, 
observation (0.1252) and inference (0.3657) having 
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significantly indirect effect on academic 
achievement in mathematics through application. 

ii. Kach of the variables observation, coding, inference, 
application and problem-solving have indirect effect 
on academic achievement in mathematics with the 
respective direct path coefficients as 0.1190, 
0.0658, 0.1204, 0.0886, - 0.0156, 0.1071 and 
-0.0523. This shows that the logical thinking 
operation, i.e., coding exert positive direct effect as 
well as indirect effect on academic achievement in 
mathematics, Hut the operation, i.e., observation is 
having negative effect on academic achievement. 
However, all the logical thinking operations have 
positive indirect effect on academic achievement in 
mathematics among scheduled caste students 

Direct and Indirect Paths from Logical Thinking Operations to 
Achievement in Mathematics among ST Students 

Simple correlation coefficients among the logical thinking 
operations were considered as indirect paths from the corresponding 
logical thinking operation to the total academic achievement in 
mathematics through another logical thinking operation. The actual 
value of the indirect paths were to be obtained as partial correlation 
coefficient among the logical thinking operations but it was beyond 
the scope of the study. 

Path analysis of logical thinking operations with the academic 
achievement in mathematics variable in case of ST students has 
revealed the following relations with regard to direct and indirect path 
effects as indicated in the Figure - 5,5 




Figure ~ 5.5 : Direct and Indirect Effects of Logical Thinking 
Operations with Mathematics Achievement 
Scores (ST) 


Indirect Paths 


Thinking Direct 

Operations Paths 



From the figure of direct and indirect paths the following 
observations are. made : 

i. The logical thinking operations, i.e., observation, 
coding and inference have direct significant effects 
on academic achievement in mathematics in case of 
ST students to the extent of 0.2508, 0.3436 and 
0.3906 respectively. However, the application has 
negative direct effect (-0.1052) on academic 
achievement in mathematics. This shows that the 
ST students are lagging behind in the masteiy of 
the logical thinking operation application. The 
direct effect of problem-solving on achievement m 
mathematics is positive but not significant in 


nf RT <stndents. 
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n. The. logic-til thinking operations observation, coding, 
inference, application and problem-solving have 
indirect effects on academic achievement in 
mathematics. The observation of the Figure - 5.5 
reveals the following • 

a. The logical operation ‘observation' exert 
significant indirect effect (0.1455 at 0.10 level) 
on achievement m mathematics through 
problem-solving (0 1455 at 0.10 level) as well 
as coding (0.3875 at 0.01 level). 

b. The operation 'coding' exert significant indirect 
effect on achievement in mathematics through 
application (0.2102 at 0.05 level). 

c. The operation 'inference' exert significant 
indirect effect on achievement in mathematics 
through application (0.4779 at 0.01 level). 

d. The logical operation ‘application’ although it 
has negative direct effect on achievement in 
mathematics (-0.1052), however, it exerts 
significant indirect effect (0.2305 at 0.01 level) 
on achievement through problem-solving. 

iii. The indirect effects of ‘coding’ through inference 
(-0.0230), coding through problem-solving 
(-0.0684), and inference through problem-solving 
(-0.0256) on achievement in mathematics is 
negative. This shows that these variables have 
indirect suppressing effect on achievement in 
mathematics. 




,, a „ d Indirect Paths from Logical Thinking Operations to 
Stement in Mathematics among General Category Students 

The vnnahh-... ..dotlit. ... h..-v.wnt in mathematics is having its 

values as the Mini .. .*>«'> tllinkin R °P eratiorls ' vlz ' 

observation, indmg, micron..-. application and problem-solving. 
Multiple r,, tress, m. analvsts ... standardized logicalthinking operation 
variables and Manduuh.-cd madetme achievement in mathematics 
variable was camel on, ... ulc.Udv direct path effects from each of the 
logical thinking van aides In the academic achievement in 
mathematics variable. Simple correlation coefficients among the 
logical thinking variables were considered as indirect paths, from the 
corresponding logical thinking variables to the achieve 
mathematics vatiahlc through another logical thinking vanable. The 
actual values of indirect paths were to be obtained as partial 
correlation coelficicnts among the logical thinking variable 
beyond the scopes ot the study- 

Path analysis of .ogical thinking operations, viz., observation, 

i ■*,„ with the academic 

coding, inference, application and problem-so v 

achievement in mathematics has revealed the following relates ™ 

regard to direct and indirect pad. effects as indicated in the F*ure 
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Figure - 5.6 : The Direct and Indirect Effects of Logical Thinking 

Operations with Mathematics Achievement Scores 
|GM) 


Indii ec.t I aths Logical Thinking Direct 

Operations Paths 



From the figure of direct and indirect paths the following 
observations are made : 

i. The logical thinking operation, i.e., coding and 
inference have direct significant effects on academic 
achievement in mathematics in case of General 
Category students to the extent of 0.3289 and 
0.2334 respectively. However, the application has 
negative direct effect (-0.0066) on academic 
achievement in mathematics. This shows that the 
General Category students axe lagging behind m 
the mastery of the logical thinking operation 
application. The direct effects of logical thinking 
operations, viz., observation and problem~solving 
on achievement in mathematics is positive but not 
significant in case of General Category students 
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ii. The* logical thinking operations observation, coding, 
inference, application and problem-solving have 
indirect effects on academic achievement in 
mat hematic's. The observation of the Figure - 5.6 
reveals the following : 

a. The logical thinking operation boding’ exert 
significant indirect effect (0.1949 at 0.01 level) 
on achievement in mathematics through 
application and also through problem-solving 
(0, 1203 at 0.05 level). 

b. The operation ’inference’ exerts significant 
indirect effect on achievement in mathematics 
through application (0.4596 at 0.01 level), 

o. The operation ‘application’ although it has 
negative direct effect on achievement in 
mathematics (-0.0066), however, it exerts 
significant indirect effect (0.1217 at 0.05 level) 
on achievement through problem-solving. 

lii. The indirect effects of ’observation’ through ‘coding’ 
(0.2380), observation through ‘inference’ (0.0439), 
observation through Problem-solving(0.0527), 
‘coding’ through inference (0.0393) and inference 
through problem-solving (0.1263) on achievement 
in mathematics is positive but not significant in 
case of General Category students. This implies 
that General Category students are lagging behind 
in the logical thinking operation like application 
and problem-solving. 




It is revealed from thn analysis of logical thinking operations in 
all the three groups that logical thinking operations like application 
and problem-solving have failed to influence upon the academic 
achievement in mathematirs at the secondary school level 


Hence, ll is suggested that the present mathematics syllabus, 
textbook and leaching method are more effective in developing only 
the basic logical thinking operations like observation coding and 
inference., but not the. remaining top two logical thinking operations, 
It has been suggested to include suitable activities in the syllabus and 
textbooks of mathematics so that the students of IX Standard may 
attain these mathematical operation during the formal course itself. 
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Section - 6 

5.6 Principle Component Factor Analysis 

Whc n tmmlx s ofim Lillies is large, it is difficult to interpret the 
data in terms of each and every variable taking into account the 
internal relations among them. One way of overcoming this difficulty 
is to consider linear combinations of the variables rather than the 
variables bring considered individually. These linear combinations 
are to be such that they ate independent of one another each forming 
a distinct identity by itself, such linear combinations are called 
'principle components'. 

The combination (hat accounts for maximum of the variation of 
the variables is known as the 'first’ principle component, the 
combination that accounts for next maximum of the variation of the 
variables is known as 'second' principle component, the same holds 
good for the other principle components. It is common to consider 
those principle components which accounts for most part of the 
maximum variation of the variables considered together. 

The procedure of obtaining principle components is through the 
construction of variance co-variance matrix of the variable denoted as 
£. The values of A obtained by solving the matrix equation | T - A 11 =0, 
are known as eigen values. These are denoted as A,A 2 A 3 ... and so on. 

In the above equation I is known as identity matrix of the same order 
as that of £, it will be having value one along the leading diagonal with 
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non-diagonal elements as zo.ro. The vectors satisfying the equations 
|£ - \ I|V,-" 0, are railed ‘principle eigen vectors'of the corresponding 
eigen values oi A denoted as X . It is most common to represent eigen 
vectors m normalized form by dividing each element of the vector by 
the square, root of the sum of squares of the elements. There will be 
as many principle components as the number of variables with X, as 
the variance of the. respective principle component. Objective of going 
for principle components is to select only those principle components 
called 'factors', that account lor most part of the variation of the 
variables as revealed by the sum of the corresponding eigen values. 
The analysis carried out in terms of these factors is known as ‘factor 
analysis’. In short, principle components as linear combinations of 
the variables, enable one to identify those principle components called 
factors that contribute most to the total variation of the variables 
With the help of these factors it is possible to carryout further analysis 
and identity the. most important variables associated with the factors. 
This approach is most common and found to be very useful in studies 
pertaining to educational psychology. Thus, this method is 
incorporated in this study and various steps involved in the analysis 
are explained with the help of different tables that are being 
constructed. 

The present study undertaken consists of 5 variables. The 
corresponding principle components with their eigen values as well as 
contribution of each of the principle components towards variation, 




are presented m the inllnwing table along with the cumulative 
contribution of the jmnnplr t omponrnt.s towards total variation of the 

variables, 


Principle Components in Linear Combination 

Table - 5.32 : Principle Components in Linear Combination - SC, 
ST and GM Categories 


Scheduled Caste Category fstj 

Variables i Commonality Factor i 

l 

1 

Observation l.OOOO ( 1 : 

Eigen 

Value 

1 .'9973 

Percentage 

Variation 

Percentage 

cum 

Variation 

39.94 

39.94 

Coding J 1.0000 | 2 

Inference ’ 1.0000 3 

. i ‘ - 

Application j 1.0000 ' 4 

1.0787 

21.57 

61.52 

0.8967“ 

17.90 

79,50 

0.5737 

11.50 

90.90 

1 

Problem- j 
Solving j 

Scheduled Tri 

Variables 

Observation 

Coding 

Inference 

Application 

1.0000 ‘ 5 

0.4535" 

9.10 

100.00 

.. i 

be Category (ST) 

Commonality 

1.0000' 

1.0000 

1.0000 

1.0000 " 

—- *■* 


Factor 

Eigen 

Value 

Percentage 

Variation 

Percentage 

cum 

Variation 


1.8607 

37.20 

37.20 

_ 

1.0224 

20.40 

57.70 

3 

0.8875 

17.70 

75.40 

4 

0,7273 

14.50 

90.00 

Problem- 

Solving 

1.0000 

5 

0.5022 

10,00 

loo.uu 

General Men 

Variables 

Category (GM) 

Commonality 

Factor 

Eigen 

Value 

Percentage 

Variation 

Percentage 

cum 

Variation 

Observation 

1,0000 

1 

2.1684 

43.41 

43. AU 

Q Q A 

Coding 

1.0000 

2 

0,9966 

19.90 

O J *GV/ 

a i in 

Inference 

1.0000 

3 

0.8907 

17.80 


Application 

1.0000 

4 

0.5242 

10.50 

inn nn 

Problem- 

Solving 

1.0000 

5 

0.4201 

8.40 


- - - 





;; :\J, it is evident that, in case of SC category 


Knun Ihr 1 nbl- 

students, the first h\o unn- r i!ions like ‘observation’ and ‘coding’ are 
having eigen value more limn 1. lienee, as suggested by Kaiser, H. F. 
(1958) only these two operations are worthy of being considered. It 
can lie verified Hint ‘observation’ and ‘coding 1 explain the variation of 
the variables to the extent oi (.1.52 per cent. Hence, further analysis 
is carried oul whb tins limitation. 

In rose ot ST category students, it can be noticed that again 
operations like 'obseivation' and ‘coding’ explain the variation of the 
variables to the extent of 57.70 per cent. 

However, in ease of (tenoral Category students, it is evident that 
for the opera, ion ‘observation’ the eigen value is more than 1 and for 
the operation ‘ending’ the eigen value is 0,9966 which almost equal to 
f. Hence, it can be said that the variation of the variables 
extent of 03.30 per cent. Factor matrix with their loading (elements, 


of the factors that corr 


-esponcl of the respective variables is presented 


below , 




Matrix of Factor Loading 


Table -5,33 : Matrix of Factor Loading SC, ST and GM Categories 


Scheduled ( aMr < a’rgmy sSCb 


Un-rotated 1 

Variables 




f actor - 1 

Factor -2 

Observation 

0.0-170 

0.5244 

Coding 

-0.0045 

0.5969 

Inference 

0.0027 

-0.5205 

Application 

0.7754 

-0.3350 

Problem solving, 

0,4988 

-0.2537 

Explained V,u mtson 

1.0073 

1.0787 

Proportion to ’iota! 

0.3005 

0.2157 

.Scheduled ’Inbr Category fSTj 



Un-rotated 

Variables 




Factor - 1 

Factor -2 

Observation 

-0.3650 

0.6348 

Coding 

-0.7238 

-0.0906 

Inference 

-0.6823 

-0.2624 

Application 

-0.7775 

-0.2994 

Problem solving 

-0.3644 

0.6728 

Explained Variation 

1.8607 

1.0224 

Proportion to Total 

' 0.3721 

0.2045 

General Merit P.nteer»rv fOMl 


Un-rotated 

V ciX id UK 

Factor - 1 

Factor -2 

Observation 

0.6147 

0.0165 

Coding 

0.6647 

-0.5206 

Inference 

0,6799 

0.5361 

Application 

0.7631 

0.3625 

Problem-solving 

0.5515 

-0.5536 

Explained Variation 

2.1684 

0.9966 

Proportion to Total 

0.4337 

0.1993 







Varimax Rotated Factor Matrix 


Table - 5.34 : Varimax Rotated Factor Matrix SC, ST and GM 

Categories 


Scheduled C aste Category iSt.j "] 

Variables 

Factor 

Loading 


Factor - 1 

Factor -2 

Observation 

0.1511 

0.8190 * 

Coding 

0 0717 

0.8465 * 

Inference 

0.7064 * 

-0.0041 

Application 

0.8071 * 

0.2491 

Problem-solving 

0.5440 

0.1312 

Explained Variation 

1.6005 

1.4665 

Proportion to Total 

0.3219 

0.2933 

Scheduled Tribe Category (ST) 

Variables 

Factor 

Loading 

Factor - 1 

Factor -2 

Observation 

0.0832 

0.7279 * 

Coding 

0.7001 * 

0.2048 

Inference 

"0.7304 * 

0.0306 

Application 

0.8324* 

0.0345 

Problem-solving 

0.0667 

0.7623 * 

Explained Variation 

.1.7280 

1.1550 

Proportion to Total 

0,3456 

0.2310 

General Merit Category 

(CVM)___ 


Factor 

loading 

Variables 

Factor - 1 

Factor -2 

Observation 

0.4798 

0 3847 

Coding 

0,1708 

0.8269* 

Inference 

0.8653 * 

0.0303 

Application 

0.8166 * 

0.2165 

-FFT- 

Problem-solving 

0.0631 

0.7788 * 

Explained Variation 

1.6790 

1.4860 

Proportion to Total 

0.3358 

0 2972 
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Square of each of the factor loading of a factor represents variance 
of the corresponding variable associated with the factor, Thus, the sum of 
the squares of the factor loading in all the factors of the corresponding 
variable is known as 'Commonality' of the variables which plays an 
important role in explaining the contribution of the variable in 
representation with factors as axes, This is represented in the 
Table-5,35, 




Percentage of Variance Accounted by Each Factor 


Table - 5.35 ; Variablewi.se Common Factor Variable Commo nali ties 
and Percentage of Variance Accounted for by Each 
Factor 


Scheduled Caste Category i 

S( 'J 



Var iabies 

Factor Variance. 

Commonality 

Factor - 1 

Factor - 2 

Observation 

0.02283 

0.67076 * 

0.69359 

Coding 

0.00514 

0.71656 * 

0.72170 

Inference 

0.03425 * 

0.00002 

0.63427 

Application 

0.65141 * 

0.06205 

0.71346 

Problem-solving ! 0.20594 

0.01721 

0.31315 

Total Variance 

1.60957 

1.4666 

3.07617 

Percentage ol Vananee 

52.32383 

47.67617 

100.0000 

Scheduled Tribe Category (ST) 

Variables 

Factor Variance 

Commonality 

Factor - 1 

Factor - 2 

Observation 

0.00692 

0.52983 * 

0.53675 

Coding 

0,49014* 

0.04194 

0.53208 

Inference 

0.53348* 

0.00093 

0.53441 

Application 

0.69289 * 

0.00119 

0.69408 

Problem-solving 

0.00445 


ffiif iPiSl 

Total Variance 

1.727879 

1.15499 

2.88287 

Percentage of Variance 

59.9361 

40.06389 

100.0000 

General Merit Category (GM 

L) ___ 

Variables 

Factor Variance 

Commonality 

Factor - 1 

Factor - 2 

Observation 

0.23021 

0.14799 

0.37818 

Coding 

0.02917 

0.68376 * 

0.71293 

Inference 

0.74874 * 

0.00092 


'Application 

0.66684 * 

0.04687 

0.71371 

Problem-solving 

0.00398 

0,60653 * 

0.61051 

Total Variance 




Percentage of Variance 

53,04725 


BESS 
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It is revealed Iinm the above table that in case of SC, ST and 
General Category sludents the total variation indicated against each 
factor in the Table - 5.35 indicates variance of the factor obtained 
through rotation of the factors. It is worth noting that the sum of the 
total variation of the two factors is the same as the sum of the first 
two eigen values of the principle components. Similarly, the sum of 
the commonalities of these variables is also equal to the sum of first 
two eigen values This shows that no information is lost by rotating 
the. factors, The rotated factors provide clear cut picture of the 
relations among the factors and the variables as well as variation due 
to each of the variable contributed to each of the factor. It is most 
common to express total variation of the factors as percentage of the 
sum of the total variation of the factors. The sum is indicated in the 
last row of the Table - 5.35. 

1. Scheduled Caste Category 

It is evident from the Table - 5.34 that out of five logical 
thinking operations, two logical operations, viz., ‘inference’ and 
‘application’ on Factor —1 are having more factor loading than any 
other operations. All the logical thinking operations in the first factor 
were positively associated among themselves. The key logical 
operations in case of SC students with respect to academic 
achievement in mathematics variable were ‘observation with factor 
loading 0.1511, ‘coding’ with factor loading 0.0717, ‘inference with 
factor loading 0.7964, ‘application’ with factor loading 0.8071 and 




'problem-solving' with factor loading 0.5440. In logical thinking 
operations, the factor loading varied from 0.0717 to 0.8071, 

It is evident form the Table - 5.34 that out of five logical 
thinking operations, two logical thinking operations, viz., ‘observation’ 
and ‘coding’ on Factor ■ 2 are having more factor loading than any 
other operations All the logical thinking operations except ‘inference’ 
in the second (actor were positively associated among themselves. 
The key logical operations in ease of SC students with respect to 
academic achievement in mathematics variable were ‘observation’with 
factor loading 0.8100, 'coding' with factor loading 0.8465, ‘inference’ 
with factor loading -0.0041, ‘application’ with factor loading 0.2491 
and ‘problem-solving’ with factor loading 0.1312. In logical thinking 
operations, the factor loading varied from -0,0041 to 0.8465. 

2. Scheduled Tribe Category 

It is evident form the Table - 5.34 that out of five logical 
thinking operations, three logical thinking operations, viz., ‘coding’, 
‘inference* and ‘application’ on Factor-1 are having more factor loading 
than any other operations. All the logical thinking operations in the 
first factor were positively associated among themselves. The key 
logical operations with respect to academic achievement in 
mathematics variable in case of ST category students were 
‘observation’ with factor loading 0.0832, ‘coding’ with factor loading 
0.7001, ‘inference’ with factor loading 0.7304, ‘application’with factor 
loading 0.8324 and ‘problem-solving’ with factor loading 0.0667 In 
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logical thinking operations, fhc factor loading varied from 0.0667 to 
0.8324. 

It is evident form the Table - 5.34 that out of five logical 
thinking operations, two logical thinking operations, viz., ‘observation 5 
and 'problem-solving' rm Factor -2 with more factor loading than any 
other operations All the logical thinking operations except ‘inference 5 
tn the second iactoi were positively associated among themselves. 
The key logical thinking operations with respect to academic 
achievement in mathematics variable in case of ST category students 
were ‘observation* with factor loading 0.7279, ‘coding 5 with factor 
loading 0.2048, ‘inference’ with factor loading 0.0306, ‘application’ 
with factor loading 0.0345 and ‘problem-solving’ with factor loading 
0 7623. In logical thinking operations, the factor loading varied from 
0.0345 to 0.7623, 

3. General Category 

It is evident form the Table - 5.34 that out of five logical 
thinking operations, two logical thinking operations, viz., ‘inference 
and ‘application’ are having more factor loading than any other 
operations on Factor-1. All the logical thinking operations in the first 
factor were positively associated among themselves. The key logical 
operations in case of General Category students with respect to 
academic achievement in mathematics variable were observation with 
factor loading 0.4798, ‘coding’ with factor loading 0.1708, ‘inference 
with factor loading 0.8653, ‘application’ with factor loading 0.8166 
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and 'problem solving with factor loading 0.0631, In logical thinking 
operations, the factor loading varied from 0,0631 to 0 8653. 

It is evident form the Table - 5.34 that out of five logical 
thinking operations, two logical thinking operations, viz,, ‘coding and 
‘problem-solving’ on Factor - 2 are having more factor loading than 
any other operations, All the logical thinking operations in the second 
factor were positively associated among themselves The key logical 
operations with respect to academic achievement in mathematics 
variable in General Category students were ‘observation’ with factor 
loading 0.3847, 'coding* with factor loading 0.8269, ‘inference* with 
factor loading 0 0303, ‘application* with factor loading 0.2165 and 
‘problem-solving* with factor loading 0,7788, In logical thinking 
operations, the factor loading varied from 0.0303 to 0.8269. 

The eigen value for each factor was calculated separately. In 
case of SC students, the value for Factor - 1 was 1.60957 and for 
Factor - 2 was 1.4666. In case of ST students, the value for Factor - 1 
was 1.727879 and for Factor-2 was 1.15499, In case of General 
Category students the value for Factor - 1 was 1.67894 and for 
Factor - 2 was 1.48608 respectively expressed in percentage. These 
eigen values indicate the contribution of each factor towards total 


variation. 
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Major Finding 

The. analysis using principle component factor analysis revealed 
the following findings : 

1. The logical thinking operations like 'inference’ and 
'application' in case of SC, ST and General Category 
students have been clustered under a single group 
(factor) with high factor loading. This implies that 
the logical thinking operations like ‘inference’ and 
‘application’ in all the three category students play 
a major role in the over all success in the academic 
achievement of IX Standard students in 
mathematics. 

li. Logical thinking operations like ‘observation’ and 
‘coding’ in case of SC students; ‘problem-solving’ 
and 'observation’ in case of ST students; and 
‘coding’ and ‘problem-solving’ in General Category 
students have been clustered under a single group 
with high factor loading. This implies that in SC 
students ‘observation’ and ‘coding’ operations plays 
a major role in the achievement in mathematics. In 
case of ST students, the success in mathematics 
depends upon operations ‘problem-solving’ and 
‘observation’. In General Category students the 
logical operations ‘coding’ and ‘problem -solving’ to 
a great extent determine the academic success of IX 
Standard students in mathematics. 

iii. It is rather interesting to note in the context of 
present study that the logical thinking operations 
like ‘inference’ and ‘application’ have been clustered 
under a single group. Hence, the first factor is 






CHAPTER- VI 


DISCUSSION AND CONCLUSION 


6.1 Comparative Analysis 

With reference to Ihe comparison of logical thinking operations 
in mathematics among SC, ST and General Category students, it has 
been found that • 

1. SC and ST students differ significantly in their 
logical thinking operation, i.e., Observation. 

2. SC and General Category students do not differ 
significantly in their logical thinking operation, i.e., 
Observation. 

3. ST and General Categoiy students do not differ 
significantly in their logical thinking operation, i.e., 
Observation. 

4. SC and ST students do not differ significantly in 
their logical thinking operation, i.e., Coding. 

5. SC and General Category students do not differ 
significantly in their logical thinking operation, i.e., 
Coding. 

6. ST and General Category students do not differ 
significantly in their logical thinking operation, i.e., 
Coding. 

7. SC and ST students do not differ significantly in 
their logical thinking operation, i.e., Inference, 




8. SC and General Category students differ 

sigmiirnmly in ihnr logical thinking operation, i.e., 
Inference. 

0. ST and General Category students do not differ 
significantly in their logical thinking operation, i.e., 
Inference 

10. SC and S'l students differ significantly in their 
logical thinking operation, i.e., Application. 

11 SC and General Category students differ 

.significantly iri their logical thinking operation, i.e., 
Application. 

12. SC and General Category students do not differ 
significantly in their logical thinking operation, i.e., 
Application. 

13 SC and ST students do not differ significantly in 
their logical thinking operation, i.e., Problem¬ 
solving. 

14. SC and General Category students do not differ 
significantly in their logical thinking operation, ie,, 
Problem-solving, 

15. ST and General Category students do not differ 
significantly in their logical thinking operation, i.e., 
Problem-solving, 

It is revealed from the findings that SC and ST category 
students differ in their 'observation' ability; SC and General category 
students differ in their 'inference' ability; SC and ST students, SC and 




General Cafrgorv s'udrnJs differ in 'heir 'application' ability. When 
compared to laden’s hum General Category and ST categoiy, SC 
students are I.ivj’.uw behind m the abilities like ‘observation’, 
‘inference* and 'appm ,dmn‘. Ihus, intervention programme in these 
abilities is essential to SC < utogorv students. 


Based mi the above stated findings, the following conclusions 
may be* drawn ; 

i. Sot in es anomic status of SC and ST students has 
a benehcml eiiert on the attainment of logical 
thinking operation ‘Observation 1 . 

ii. There is relationship between advantaged and 
disadvantaged background of the students and 
their ability Inference’. 

iii. Caste has a beneficial effect on the attainment of 
the logical thinking operation ‘Application’. 

6.2 Simple Correlations 

With reference to the relationship between logical thinking 
operations and academic achievement in mathematics, it has been 
found that ~ 

i. There is a positive and significant relationship 
between logical thinking operations, viz,, coding, 
inference, application, problem-solving and 
academic achievement in mathematics among SC 
category students. However, the relationship 




between observation and academic achievement in 
mathematics is not significant. 

ii. Their is a positive and significant relationship 
between logical thinking operations, viz., coding, 
inference, application, problem-solving and 
academic* a< hirvrment in mathematics among ST 
category students. However, the relationship 
between observation and academic achievement in 
mathematics is not significant, 

in. The logical thinking operations like observation, 
coding,, inference, application and problem-solving 
me positively and significantly related with 
academic achievement of General Category 
students in mathematics. 

In case of Scheduled Caste and Scheduled Tribe students the 
correlation between logical thinking operation, i.e., observation and 
achievement in mathematics is not significant, This implies that the 
SC and ST students are lacking behind in the attainment of the ability 
‘Observation’. 

Based on the above stated findings, the following conclusions 
may be drawn : 


i. The logical thinking operation 'observation' has no 
significant relationship with academic achievement 
in case of SC and ST category students, whereas it 
is having positive and significant relationship with 
academic achievement in case of General Category 


students. 
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ii. The logical thinking operations like 'coding', 
'inference*. ‘application' and 'problem-solving' are 
having positive* and significant relationship with 
academic achievement in SC, ST and General 
Category students. 


6.3 Interaction Effect 

With reference to the interaction effect of Sex, Caste and 
Attitude* on logical thinking operations in mathematics, it has been 
found that 

1. Hoys and girls do not differ significantly in respect 
of their logical thinking operation 'Observation', 

2. Advantaged and disadvantaged students do not 
differ significantly in respect of their logical thinking 
operation ‘Observation’. 

3 Students with favourable and unfavourable attitude 
towards mathematics do not differ significantly in 
respect of their logical thinking operation 

'Observation'. 

4. Boys/Girls with advantaged/disadvantaged 

background do not differ significantly in respect of 
their logical thinking operation ‘Observation . 

5. Boys/Girls with favourable/unfavourable attitude 
towards mathematics do not differ significantly in 
respect of their logical thinking operation 

'Observation’. 




6. Advantaged/I tisadvantaged .students with favourable/ 
untiivnimihlc attitude towards mathematics do not 
differ significantly in respect of their logical thinking 
operation '(observation \ 

7. Boys/CVirls coining from advantaged/disadvantaged 
background with favourable/unfavourable attitude 
towards mathematics do not differ significantly in 
respect of their logical thinking operation 'Observation. 

8. Bovs and girls do not differ significantly in respect 
of their logical thinking operation ‘Coding 5 . 

9. Advantaged/disadvantaged students do not differ 
significantly in respect of their logical thinking 
operation ‘Coding 5 . 

10. Students with favourable/unfavourable attitude 
towards mathematics differ significantly in respect 
of their logical thinking operation ‘Coding 5 . 

Students with favourable attitude towards 
mathematics in greater number attain logical 
thinking operation ‘coding 5 than those with 
unfavourable attitude towards mathematics. 

11, Boys/Girls with advantaged/disadvantaged 

background differ significantly in respect of their 
logical thinking operation ‘Coding 5 . 

Girls with advantaged background are better in 
their logical thinking operation ‘coding 5 than the boys 
with advantaged background. 




f Ij tls ws'h a*ivvmtagcd background are better in. 
their logical thmkmg ujicraSinn ‘coding’ than the girls 
with dtSftdv,miager* background. 

12. Hows /1 rirhs with favouruble/unfavourable attitude 
towards mat Sirir.af irs differ significantly in respect 
of their logit ;ii thinking operation ‘Coding’. 

Hny.*i with favourable attitude towards 

niathciiiahrs arc belter in their ‘coding’ ability than 
the bovs with unfavourable attitude. 

Hovs with favourable attitude towards 
mathematics art 1 better in their ‘coding’ability than 
the* girls with unfavourable altitude. 

Hoys with favourable attitude towards 

mathematics are better in their ‘coding’ ability than 
the girls with unfavourable attitude. 

Chris with favourable attitude towards 

mathematics are better in their ‘coding’ ability than 
the boys with unfavourable attitude. 

Oirls with favourable attitude towards 

mathematics are better in their ‘coding’ ability than 
the boys with unfavourable attitude. 

13. Boys/Girls with favourable/unfavourable attitude 
towards mathematics differ significantly in respect 
of their logical thinking operation ‘Coding. 

Students from advantaged background with 
unfavourable attitude are better in ‘coding' ability 
than the students from disadvantaged background 
with favourable attitude. 
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Students from advantaged background with 
unfavourable attitude is better in ‘coding* ability 
than the. students from disadvantaged background 
with favourable attitude. 

Students from advantaged background with 
favourable attitude are better in ‘coding' ability than 
the students from disadvantaged background with 
favourable attitude. 

Students from advantaged background with 
unfavourable attitude are better in ‘coding’ ability 
than students from disadvantaged background with 
unfavourable attitude. 

Students from disadvantaged background 
with favourable attitude are better m ‘coding’ ability 
than students from disadvantaged background with 
unfavourable attitude 

14. Boys/Girls from advantaged/disadvantaged background 
with favourable/unfavourable attitude towards 
mathematics differ significantly in respect of their 
logical thinking operation ‘Coding’. 

Boys from disadvantaged background with 
favourable attitude are better in ‘coding’ ability than 
the boys from advantaged background with 

favourable attitude towards mathematics. 

Boys from disadvantaged background with 
favourable attitude are better in ‘coding’ ability than 
the boys from advantaged background with 

unfavourable attitude 




Ho vs from disadvantaged background with 
favourable attitude are better in 'coding’ than the 
laovH li'iiii disadvantaged background with 
iinlavouratiir attilude. 

Hoys from disadvantaged background with 
favour able attitude are better in ‘coding’ ability than 
the girls from advantaged background with 

fa vt rural >te all it i trie. 

Hoys from disadvantaged background with 
iavom able attitude are better in ‘coding’ability than 
the girls from advantaged background with 

uni;tvouruble attitude. 

Hoys from disadvantaged background with 

favourable altitude are better in ‘coding’ ability than 
the girls from disadvantaged background with 
favourable at t it rule. 

Hoys from disadvantaged background with 

favourable attitude are better in ‘coding’ ability than 
the girls from disadvantaged background with 
unfavourable attitude. 

Boys from disadvantaged background with 

unfavourable attitude are lacking m ‘coding’ ability 
when compared to girls from advantaged 
background with favourable attitude. 

Girls from advantaged background with 
unfavourable attitude are better in ‘coding’ ability 
than the boys from disadvantaged background with 
unfavourable attitude. 
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15. Hoys and Girls do not differ significantly in respect 
of their logical thinking operation 'Inference’. 

16. Advantages! and disadvantaged students do not 
differ significantly in respect of their logical 
thinking operation 'Inference'. 

17. Students with favourable and unfavourable attitude 
towards mathematics do not differ significantly in 
respect of their logical thinking operation 
‘Inference*. 


18. Hoys/Girls with advantaged/disadvantaged 

background do not differ significantly in respect of 
their logical thinking operation ‘Inference’. 

Id. Boys/Girls with favourable/unfavourable attitude 
towards mathematics do not differ significantly in 
respect of their logical thinking operation 
Inference'. 

20. Advantaged/disadvantaged students with 
favourable./unfavourable attitude towards 
mathematics do not differ significantly in respect of 
their logical thinking operation Inference’. 

21. Boys/Girls coming from advantaged/disadvantaged 
background with favourable/unfavourable attitude 
towards mathematics do not differ significantly in 
respect of their logical thinking operation 

‘Inference’. 


22. Boys and Girls do not differ significantly in respect 
of their logical thinking operation ‘Application’. 
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23. Advuntngrd find disadvantaged students do not 
dill'ri significantly in respect of their logical 
thinking operation ‘Application’. 

24. Student with favourable and unfavourable attitude 
towards mathematics differ significantly in respect 
of their logical thinking operation 'Application’. 

Students with favourable attitude towards 
mathematics are better in the logical thinking 
operation 'application 1 than the students with 
unfavourable attitude towards mathematics. 

25. Boys/Girls with advantaged/disadvantaged 
background do not. differ significantly m respect of 
their logical thinking operation ‘Application’. 

26. Boys/Girls with favourable/unfavourable attitude 
towards mathematics do not differ significantly in 
respect of their logical thinking operation 
‘Application’. 

27. Advantaged /disadvantaged students with 

favourable/unfavourable attitude towards 

mathematics do not differ significantly in respect of 
their logical thinking operation Application’. 

28. Boys/Girls coming from advantaged/disadvantaged 
background with favourable/unfavourable attitude 
towards mathematics differ significantly in respect 
of their logical thinking operation Application 

Boys from disadvantaged background with 
favourable attitude are better m their logical 
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thinking operation ‘application’ than the boys from 
advantaged background with favourable attitude. 

Hoys from disadvantaged background with 

favourable attitude are better in their logical 

thinking operation 'application' than the boys from 
advantaged background with unfavourable attitude. 

Hoys from disadvantaged background with 

favourable* attitude, are better in their logical 

thinking operation ‘application' than the girls from 
advantaged background with unfavourable attitude. 

Hoys from disadvantaged background with 

favourable attitude are better in their logical 

thinking operation 'application' than the girls from 
disadvantaged background with favourable 
attitude. 

Boys from disadvantaged background with 

favourable attitude arc better in their logical 

thinking operation ‘application' than the girls from 
disadvantaged background with favourable 
attitude. 

Girls from advantaged background with 
favourable attitude are better in their logical 
thinking operation ‘application’ than the hoys from 
disadvantaged background with unfavourable 

attitude. 

Girls from disadvantaged background with 

favourable attitude are better in their logical 
thinking operation ‘application’ than the boys from 




disadvnntugrd background with unfavourable 
atlit ude. 


2b. Hoys and Girls do not differ significantly in respect 
of their logical thinking operation 'Problem-solving’. 

30 Advantaged and disadvantaged students do not 
clittn significant Iv in respect of their logical 
thinking operation ‘Problem-solving’. 

3 1. Students with favourable and unfavourable attitude 
towards mathematics do not differ significantly in 
respect of their logical thinking operation 'Problem- 
solving'. 

32. Hoys/Girls with advantaged/disadvantaged 
background do not differ significantly in respect of 
their logical thinking operation ‘Problem-solving . 

33. Hoys/Girls with favourable/unfavourable attitude 
towards mathematics do not differ significantly m 
respect of their logical thinking operation 'Problem- 

solving 5 . 

34 Advantaged/Disadvantaged students with 

favourable/unfavourable attitude towards 

mathematics do not differ significantly in respect of 
their logical thinking operation 'Problem-solving 

35. Boys/Girls coming from advantaged/disadvantag d 
background with favourable/unfavourable attitu 
towards mathematics do not differ significantly in 
respect of their logical thinking operation 'Problem- 

solving 5 . 




Ha.scd t>n ihr nbovr stated findings, the following conclusions 


may he drawn . 

i Favourable and unfavourable attitude towards 
mathematics influence upon logical thinking 
operations 'coding 5 and ‘application’. 

ii, Sex and caste, sex and altitude; and caste and 
attitude taken two factors at a time jointly influence 
upon logical thinking operations 'Coding’. 

iii. Further, the interaction among all three selected 
factors sex, caste and attitude - influence upon 
logical thinking operations ‘Coding’ and 
‘Application’. 


6.4 Multiple Regression Analysis 

With reference to the prediction of academic achievement in 
mathematics with criterion variables like logical thinking operation, it 
has been found that - 


l. 


n. 


tn case of SC category students, 'coding' seems to 
be the best predictor of all the predictor variables, 
the next best predictors of total academic 
achievement in mathematics in the order of priority 
are 'inference', 'application' and 'problem-solving', 
whereas 'observation' has suppressing effect on the 
academic achievement in mathematics among 
category students, 

In case of ST categoty students, 'inference' seems to 
be the best predictor of all the predictor vanab es , 




the next best predictors of the total academic 
achievement in mathematics in the order of priority 
arc; 'coding', ‘observation’ and ‘problem-solving’, 
whereas ‘application’ has suppressing effect on the 
academic achievement, in mathematics among ST 
category students. 

iii. In case of General Category students, coding seems 
to he the best predictor of all the predictor 
variables; the next best predictors of total academic 
achievement in mathematics in the order of priority 
are 'inierenee', ‘observation' and 'problem-solving', 
whereas ‘application’ has suppressing effect on the 
academic achievement in mathematics among 
General Category students. 

Based on the above stated findings, the following conclusions 
may be drawn : 

i. The ‘Coding’ seems to be the best predictor of 
academic achievement in mathematics. The next 
best predictors in the order of priority, are 
‘Inference’, ‘Application’ and ‘Problem-solving’ in 
case of SC category students. 

ii. 'Inference', ‘Observation’ and ‘Problem-solving’ are 
the best predictors in case of General Category 
students. 

iii. In case of ST category students the ‘Inference’ 
seems to be the best predictor of all the predictor 
variables. The next best predictors in the order of 
priority are 'Coding', ‘Observation’ and ‘Problem- 

solving’. 
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The operation 'Observation' in SC category students 
and 'Application' in ST and General Category 
students will have suppressing effect on the 
academic achievement in mathematics, 


6,5 Path Analysis 

With reference to the direct and indirect effects of independent 
variables (logical thinking operations) on dependent variable 
(academic achievement m mathematics), it has been found that- 

i. The logical thinking operation, i.e., ‘coding’ has 
direct effect on academic achievement in 
mathematics in casSe of SC students. Moreover, 
‘inference’, ‘application’ and ‘problem-solving’ 
having positive effect on academic achievement in 
mathematics, However, ‘observation’ having 
negative effect on achievement in mathematics. 
However, ‘coding’ also exert indirect effect in 
respective direction on academic achievement 
through ‘application’. Similarly, ‘observation’ and 
‘inference’ having significantly indirect effect on 
academic achievement in mathematics through 
‘application’. 

ii. Each of the variables ‘observation’, ‘coding’, 
‘inference’, ‘application’ and ‘problem-solving have 
indirect effect on academic achievement in 
mathematics. This shows that the logical thinking 
operation, i.e., ‘coding’ exert positive direct effect as 
well as indirect effect on academic achievement in 
mathematics. But the operation, i.e., ‘observation’ 
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is having negative effect on academic achievement. 
However, all the logical thinking operations have 
positive, indirect effect on academic achievement in 
mathematics among scheduled caste students. 

iii. The logical thinking operations, i.e., ‘observation', 
‘coding’ and ‘inference’ have direct significant 
effects on academic achievement in mathematics in 
case of ST students. However, the ‘application’ has 
negative direct effect on academic achievement in 
mathematics. This shows that the ST students are 
lagging behind in the mastery of the logical thinking 
operation ‘application’. The direct effect of 
‘problem-solving’ on achievement in mathematics is 
positive but not significant in case of ST students. 

iv. The logical thinking operations ‘observation’, 
‘coding’, ‘inference’, ‘application’ and ‘problem- 
solving’ have indirect effects on academic 
achievement in mathematics. 

a. The logical operation ‘observation’ exert 
significant indirect effect on achievement in 
mathematics through 'problem-solving 7 as well 
as ‘coding’ 

b. The operation ‘coding’ exert significant indirect 
effect on achievement in mathematics through 
'application'. 

c. The operation ‘inference’ exert significant 
indirect effect on achievement in mathematics 
through ‘application’. 
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d. The logical operation 'application’ although it 
has negative direct effect on achievement in 
mathematics, however, it exerts significant 
indirect effect on achievement through 
‘problem-solving’. 

v. The indirect, effects of ‘coding 5 through ‘inference 5 , 
‘coding’ through ‘problem-solving’, and ‘inference’ 
through ‘problem-solving’ on achievement in 
mathematics is negative. This shows that these 
variables have indirect suppressing effect on 
achievement in mathematics. 

vi. The logical thinking operation, i e., ‘coding’ and 

‘inference* have direct significant effects on 
academic achievement in mathematics in case of 
General Category students. However, the 

‘application’ has negative direct effect on academic 
achievement in mathematics. This shows that the 
General Category students are lagging behind m 
the mastery of the logical thinking operation 
‘application’. The direct effects of logical thinking 
operations, viz., ‘observation’ and ‘problem-solving’ 
on achievement in mathematics is positive but not 
significant in case of General Category students. 

vii. The logical thinking operations 'observation 
‘coding’, ‘inference 5 , ‘application 5 and ‘problem- 
solving 5 have indirect effects on academic 
achievement in mathematics. 

a The logical thinking operation ‘coding' exert 
significant indirect effect on achievement in 
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nirithc mulics thiough application and siso 
through 'problem-solving'. 

b. The operation ‘inference’ exerts significant 
indirect effect on achievement in mathematics 
through 'application'. 

e. The operation ‘application’ although it has 
negative direct effect on achievement in 
mathematics, however, it exerts significant 
indirect effect on achievement through 
'problem-solving'. 

vim The indirect effects of'observation' through ‘coding’, 
observation through ‘inference’, ‘observation’ 
through ‘Problem-solving’, ‘coding’ through 
‘inference’ and ‘inference’ through ‘problem-solving’ 
on achievement in mathematics is positive but not 
significant in case of General Category students. 

This implies that General Category students are 
lagging behind in the logical thinking operation like 
‘application’ and ‘problem-solving’. 

It is revealed from the analysis of logical thinking operations in 
all the three groups that logical thinking operations like ‘application 
and ‘problem-solving’ have failed to influence upon the academic 
achievement in mathematics at the secondary school level. 

Hence, it is suggested that the present mathematics syllabus, 
textbook and teaching method are more effective m developing only 
the basic logical thinking operations like ‘observation’, ‘coding’ and 
‘inference’, but not the remaining top two logical thinking operations. 
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It has been suggested in include suitable activities in the syllabus and 
textbooks o! mathematics so that the students of IX Standard may 
attain these mathematical operation during the formal course itself, 

Based on the above stated findings, the following 

conclusions may be drawn : 

l. In ease of SC studenls, the logical thinking 

operation 'Coding tuns direct positive significant 
elfeet on the academic achievement in 
mathematics. Further, operations like 

‘Observation’, ‘Coding’ and ‘Inference’ have indirect 
significant effects on achievement in mathematics, 

ii. In ease of vST students, the logical thinking 

operations like ‘Observation’, 'Coding’ and 
‘Inference’ have direct positive significant effects on 
the academic achievement in mathematics. 
Further, ‘Observation’, ‘Coding’, ‘Inference’ and 
‘Application’ have indirect significant effects on 
achievement in mathematics. 

in. In case of General Category students, the logical 
thinking operations like ‘Coding and Inference 
have direct positive significant effect on the 

academic achievement in mathematics. Further,^ 
operations like ‘Observation’, ‘Coding’, Inference' 
and ‘Application’ have indirect significant effects on 
achievement in mathematics. 
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6.6 Principle Component Factor Analysis 

With u for one t to the* principle components in logical thinking 
operations which .accounts for most part of the variation in 
achievement in mathematics, it has been found that- 

i. The logical thinking operations like ‘inference' and 
‘application’ in case of SC, ST and General Category 
students have been clustered under a single group 
(factor) with high factor loading. This implies that 
Ihe logical thinking operations like ‘inference’ and 
'application' in all the three category students play 
a major role in the over all success in the academic 
achievement of IX Standard students in 
mathematics. 

ii. Logical thinking operations like ‘observation’ and 
‘coding’ in case of SC students; ‘problem-solving’ 
and ‘observation’ in case of ST students; and 
‘coding’ and ‘problem-solving’ in General Category 
students have been clustered under a single group 
with high factor loading. This implies that in SC 
students ‘observation’ and ‘coding’ operations plays 
a major role in the achievement in mathematics. In 
case of ST students, the success in mathematics 
depends upon operations 'problem-solving and 
‘observation’. In General Category students the 
logical operations ‘coding’ and ‘problem -solving to 
a great extent determine the academic success of IX 
Standard students in mathematics. 

iii. It is rather interesting to note in the context of 
present study that the logical thinking operations 
like Inference’ and ‘application’ have been clustered 
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under a single group. Hence, the factor is named 
us ‘Inference - Application’. 

Based on the above stated findings, the following conclusions 
may be drawn : 

i. The operation Inference’ and ‘Application’ have 
been clustered under a single group (factor) with 
high factor loading. This implies that these two 
operations in SC, ST and General Category 
stucIenLs play a major role in the over all success of 
IX Standard students in mathematics. Also the 
operations ‘Observation’ and ‘Coding’ in case of SC 
students; ‘Problem-solving’ in General Category 
students have been clustered under a single group 
with high factor loading. 

ii. This shows that in case of SC category students the 
operations ‘Observation’ and ‘Coding’ plays a major 
role in the achievement in mathematics. However, 
in case of ST category students, the success in 
mathematics depends upon operations Problem- 
solving’ and ‘Observation’. Also in General 
Category students the operations ‘Coding’ and 
‘Problem-solving’ to a greater extent determine the 
academic success of IX Standard students in 
mathematics. 


6.7 Educational Implications 

The present study throws light on the problem related to the 
teaching of mathematics in our schools. Even though mathematics 
has prominent place in the curriculum, the study shows that, there 
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are some drawbacks in the teaching and learning of mathematics. If 
general mathematical thinking skills exist they must facilitate transfer 
of strategic and procedural knowledge from one context to another. 
Since the present study stem from the cognitive theory, it can provide 
a general framework for analysing mathematics learning and learning 
difficulties. Some of the implications in the light of the research 
findings are given below. 


Since there is no difference in the thinking 
operations between boys and girls, between 
students of Aided and Government schools, 
provision of facilities and adoption of new models of 
teaching will stimulate and foster the thinking 
skills irrespective of gender and type of schools. 


ii. Since the scheduled caste student lagged behind in 
the level of thinking operations in mathematics 
than the other students, the teacher should take 
some remedial measures to motivate the backward 
students, and provide suitable activities, and 
instructions to help them to acquire the thinking 
operations The motivational intensity for learning 
and achievement of scheduled caste students 

should be given a boost. 


iii. Since the present study stem from the cogmttve 
theory, it can provide a general framework for 
analysing learning difficulties in mathematics of 
disadvantaged children. 


IV. 


Suppose, if the 
behind in the 


disadvantaged children are lagging 
attainment of sequence of logical 




thinking. opmations in mathematics, the teacher 
rail take some irmrdia! measures to motivate the 
backward students, to provide suitable activities, 
and fn nti'.mt/r> msirutlinns to help them to acquire 
the thinking operations. 

v Suppose. Jf the sequence of logical thinking 

operation is m decreasing order from ‘Observation’ 
to ‘Problem solving’, care must be taken to conduct 
suitable activities with ‘Problem-solving’ situations 
when* in the teacher can help to develop the 
different thinking operations in mathematics. 

vi. Suppose, achievement in mathematics and 

sequence of logical thinking operations are 

positively correlated, teachers can provide 

conducive atmosphere to learn mathematics and to 
create interest among students, 

vii. There is a need for reappraising the existing school 
curriculum to incorporate a wide range of thinking 
processes and skills which are ignored but are 
essential to facilitate learning to think and learn. 

viii. The study has also implications on the syllabus and 
textbook construction to provide sufficient exercises 
to enable the disadvantaged students to develop 
their logical thinking operations. 

6 8 Suggestions for Farther Research 

While conducting the present study, a need for a few sp 
research studies relating to the field was felt. The suggestion for 
studies are enumerated below : 
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i. Similar studies may be conducted "with a. large 
sample and probability sampling technique could 
be used to increase the validity of the experiment. 

ii. Similar studies may be conducted for higher order 
Thinking skills. 

iii. Similar vStudies may be conducted for a long period 
of time under carefully controlled conditions. 

iv. Similar studies may be conducted in other school 
subjects like English and Hindi. 

v. Similar studies may be conducted for other classes, 
i.e., from the first standard to the tenth standard. 

vi. Curriculum could be involved for nurturing 
Thinking skills of the pupils of High Schools. 

vii Research can be carried out to find out the effect of 
Instructional Material designed on specific Thinking 
skills. 

viii. The studies can focus on evolving on curriculum 
which stress the method of teaching Thinking Skills 
at the B. Ed. training level. 

ix. Separate studies can be undertaken to evaluate the 
development of thinking attained through the 
implementation of methods of teaching thinking 
skills in Primary to High School Level. 

x. Special tool can be constructed to measure the level 
of pupils on Thinking Skills on different subjects. 
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xi. More, research needs to be conducted to generate 
evaluation techniques in Teaching for Thinking by 
preparing standardized tests, 

xii. Research can be carried out to foster the thinking 
operations by developing self-instructional material 
in thinking operations in mathematics for the 
students of different classes. 

xiii. Comparative studies can be undertaken on 
thinking operations in mathematics of the pupils 
belonging to different age levels. 

xiv. Experimental studies can be conducted using 
different teaching methods for the teaching of 
mathematics and find their impact in the 
development of thinking operations in mathematics 
in different classes and different levels. 

xv. Studies can be conducted on the different factors 
namely, intelligence, anxiety, interest, etc., affecting 
thinking operations in mathematics of the students 
in different classes. 

xvi. Standardisation of tools on thinking operations in 
mathematics and other subjects for students of 
different classes can be developed to test the 
thinking operations in mathematics. 

xvii. Similar studies can be done with other thinking 
operations in mathematics. 

xviii. Study can be extended to compare the thinking 
operations of scheduled caste students of rural and 


urban area. 
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A TEST ON LOGICAL THINKING OPERATIONS IN MATHEMATICS 
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26 ‘K' cfrod Xfi&rl-.s: rr.arrf:^ -acreftcf. 

a (-2.0) h 0.0) c (2,-2) d, (-2,2) 


Y -edWOc.i* m 

« ' * "■ hH 


jrvjftcJ. 


a CO. 21 


b I't. M c 0,0) d (0,-8) 


28 X --Id rM'Y*:. tdb'Ccbd tiodtd, 


a F 


h K 


c G 


d. Z 


29. a ~ s 

.tf.nri. 


^ddd&rf. side 1 3,0.4 X «dd rod,4 

cJ 0 L 


a II x ; 


b 211 \‘ 


c. fix 


d. 4nx 2 


30. i4** tfwJrW. oawwaooti mwd »** *•«**$. ““ 

<jt:S=T-nSi. .anda^rf. 

a. b. «0b**sHtt> c ' " otJ 

31. * - 2y. y - a*. * - 2* * «*•« x + ^ + z °' toS - d ^ 

^S;o*i=scrt ysctwrfc:* ^ ridradrondodrf. 


a. x + y •■ z 


b. 0 


c. - (x + y 


+ z 


d. - z 


^ 32 33 * !!^! J 


^ ***** so wv ***** 750 "** 2 ^ 

»(. 4M** «<* »"“**■* *** aM " ro " 

50 ajArtwl wrfo*. ^ 76 ridoro/. 


32. wwa ot dariMd Zofc^ esotfrtsfr 

c 2x - V = 76 d. -2x + y = 76 
b. 2x + y ~ 76 c. -4X y 


Q r? 

+ v = 76 


a. x + y 
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33. dOdirft d 


a. 42 


l), 26 


c. 38 


cl. 8 


34. A ABC db3:. A DEF ddd: .adsterted: ydd£> .add: &acdritf: did: kod: 

-* w r> —o 

^d:rtd: tfdrtdirond. g* oiradd) ridFTod: 

^TiCirtTCAd.'? 



35. rfdnrf "2d,dC 10 do* tfarteori 3 «Pdrt5#rfa deaTJoand 
drfrort 2 iPtfrfd: ejoo&artidd. 



d. 4 


a. 3 b. 2 c. 1 

36. ( A' did: f B’ ^>ddo rtorteri:, ydd wddfi A sod B yqto B Qod A d 

_j} 

rtotJod ^d^ gudradcdodd. 

a. AnB=f b. A-fB-i c. d. AflB=A 
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& Mod MOzirttfsfy da 37 arartja 38 d d^rterf uude&o. 

» _o 


arfo& ‘;^wj 3 v'3 3 jc, far. MAC* rl/aedrt rotD^jaoad. 


tfjaJfirf xj^jidrrA 3 f.z.L:?. djjdQcd 60° tfjaeddi)t*dd. 


adcd ^sfoada 


37 d:;£d d^ecd d,ircd ^ tf^Ad;&rtd£ oire^do dodrad rfe^ro d^ronri 9 
A A A a 



38 rfjsedodcd add; dad 3 rfo.aoe. ^dodri. rboedd;) add. 

r-fl d) 

a. ,W2*.d;j, b. 2^3 tfo.dse. c. 3 rfo.^oe. d. 6 7lo.aoe. 

39 Tjsfca, ^d: -S^stedri^ ds rfdnrfod dradbwaddo. 



40. loocto d& £5 _L AB wdd B oi» ^D died aodo aocbroAd. rorradd 
Z.ABD da ......... ^jacbrondodd. 

a. 30° b. 60° c. 90° d. 100° 

41. aodo p(x) ski, Q(x) add; 3de ^wwtfri mMjivztid, 

^pstjoo^d).eAdodd. 


c. 3 


a, i3 


b. < 3 


d > 3 
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& MM ^ocdran La 42 crart/a 43 d stf.aTrferf erada^e. 

•w» 4 * 


* #1 — ; ' ^ vv.^. wr-* }^>>*V “*•*••*»> -w-^n 3 

w Ms- 1 » w, *•> «*** <** ■* ■ "•-■ 

/> " k » *i 


42 t */ -*!■* lat T^ • ^ <lr ids ? I ^ 

ft •W’» *-{«-’- "V •"‘■■^ *■“* ftV* -*g f •»*£ 

'•^ r a*M •*-,. f *w** ' >»** W» W> «« W ti*>» « 


"* ~Ld Xj\;Krs^) 25 2 jI&, so'trorbdrf. 

1 — W U -C 

Xjdh^ -S^jcsrt^ CTsbrte* srac!^.^ 


a. 1 : 25 b 25 : 1 c. 1 : 5 d, 5 : 1 


erorfs& 7 J$o.£oe. wnrfd, £>?op,Sjd 
. endadc5. 

a. 7 l). 35 c\ 2 d. 12 

44. ^dd; sl/t^a dw;rrfdrcr!Ccd tood ewdd^ x = k, y = u oAdadd 

^dd: di f’dAdc2 ?2tddjx:rt;drf. 

*<, _fi 

a. (K, U) b. (U, K) c. (k, u) d. (u, k) 

45. ^dt* &/adOTAd, Z.COF rfjaeds^j.d 

^d:~.Ad:dd, 

a. 65" 

b. 30" 

c. 85" 
fl. 90" 

46. rrod.d) ^dJ3 wdcf sgprar doed fed ged,4 ridrodrontdrf, aJ^oiflocb 

da&cds ^CoDAdo^rf. 

a. 36 b. 6 c. 0 d, 1 

47. •„„*> jj S AB sb*. CD tftrirt* 'O' uotkOrie, «i»tp*dd. MOD 

4D0B oi» Jdcjn^d, iCOB d b^csj 4- Wnrf tebziKbid. 



43. 


‘*4* & , w*-~ , ‘ 


1* JLv« 


1 -wP 




a. 2 £DOB b. 2 MOB 


c. MOD d. M>OB 
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48. 3 to.li'A X 3 ^c.lc? X 6 ?3o.£oe. 4? 3 do.£)oe. d asfo 

spyrftfrf ? 

a. 18 b. 3 (j c 3 d. 2 


rfdrid afcCtJcrfarf^ dQotoft La 49 Earta 50 d darter? crotfOAO. 

. —-- 

12 7jo.aM. m)ww ^533 Z^a&ttfo rfttd 8 ?Jo.£oe. iWtfcfo yt)0i43rf33idDd d. 

U>3 

ode oc^cdnn tuocis "A^cdo rfbsd 40 sae. erodri dddd^ 

^ob&sfcc&ja^rf. #i s 5 oA tsodrW t3d,d) tfdfido^ctadrf. 



49 todorf «»Uafo£>ab =Dddo 3$«7feb ^ oe3otoArf. 

tJ (Jr! 

a. ?id3djadd djaodd b- rtsbn 3 ^ 

c, ridoa wazsb ^t|to®4rtTOf»rf d. ddorodD s^artand 

cd 


50. rt^dri ad^ «*=* u * rajli4 * t ^ aaK ^J 3 - 


AB _ AC 
DF DE 


AB _DE 
BC EF 


AC _ AB 
EF DE 


CB 

FE 
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APPENDIX - II 

ANSWER SHEET 

^DcJj^Fojj $Kldj ; ssotfd erutfjs.eri ' 

V 

zneSob atatfj ■ ns& F * ^ 

iJ 

e5ord : 

es9»S : sd. m. / Eto. / q&ddo 


tfostfj 

enj^ d 
-0 

■ 

■1 

2 


3 


B 


5 


6 


7 


8 


9 


10 



m 

en)^ d 

_D 

Fjosi, 

U 

wm 

sld, 

\j 4 
itioscfj 

en)3 d 

-D 

•Wi 

Hjoal 

| crnti d 

-C 

11 


21 


31 


41 


12 


22 


32 


42 


13 


23 


33 


43 


14 


24 


m 

■ 

44 


15 


25 


35 


B 


16 


26 


36 


46 


17 


27 


37 


47 


18 


28 


M 


48 


19 


29 


in 


49 


20 


30 

_ 

EM 


50 
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APPENDIX - III 






















































































appendix - IV 


AN ACHIEVEMENT TEST IN MATHEMATICS 


Time ; l hr. 


Std : IX 


^j3C^sfri% v 0 : - 

1 KS/^rWrt trojSdrttfRfcJi tfja^dod ti&Jo±d tn^O 

$o& 6 ■odo&tft&Q' 

^gi 1 ' 


2 ci:o^cf- &#.o& stodrieaa. 

, ,****»--r*trts 


jcfc •rfAocUOJ, - • “ ^.-js 

««' m —j» ^ ^ 

“ mM ie n J a^^cOjrf. 1 d s t !l J rtW "’° J 

addus 3 * . « _i en)*0ato 

■TCi^Ao^ iSBdde ero£6K> dxiftdQ t?v ° 4 

Eja^d o zp kS zo cdo tdo. 


“ -.J.«>-( -ri 0 ^ OJ3 yuotooriosd tfoaesW . 

bV«* c.360 «* <* 365 .0* 

« «*< *aodod w 360 —• “ nd *** ^ 
XOSS'PXC tom*** .deed Odo, **J> "- A 

^ orf V ^ **** * «rt *-V— “ d ^ 6 ' 


Bf/j tfOSJj 

eroa^drfvo 

1 4 

c 

2 

___ 

3 

_- 

4 

1_ 


„ ,. JB1 u c *d 0 rtert* oda* a****?. 

Au(BuC) = (AuB)^^ 

b sjosWeWo* at*!* 

a. rfsisfcFaeo* aodo^ d arfj 3 ?n 3 r^^ 3 °^ 

C, &EjTt>e3^ Soissdo 
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2. rfv’fWs&rtv'cS, «ridoiXid,Edj_esftd 

a - < a * b > '>• < a * h) c. (a, b} d. (b, a) 

3 'qotffysse cx'*! s rj.£r7; k -enwf^ £>ocdo tfdodbo^d. 

a s-ocSj—! vOdj £A)3?,sl b. edoeore ero^^d 

uJ <i 

c ertrijro e/uaijd d. kosotf eroaJirf. 

^ «j "i 

4 a Jdo^3 b '^igfrtv’ osidos^EfRi^ rijaeiafoid _ 

a a ■*' b b a — b c. a b d a ■ b 


5. ^ tfvY'lrd cdJdSj fiAJ^s^sdcdbj ajaaeJajO^rf ? 


A f B 



a. e^ocdo-aaocdo tnjaiydj 
c esidcdgiss eraa^ 


b £doee?ra eros^ 
d. roaaos' ero^.fd, 

cp w 


6 11,21,41,61,71,91, .^ ^frfo±ie9 wdosd alo£C? i3 rts? , o-e»fW. 

a x!e±> xio^rl^D b, rtostf^sb 

C t3Sjed^rfdr1W‘0 d, Sfl&eTOWj S3 Ej ed^Ftdrf’S’b 

7 A Edoab B cdcdo srotfStf tfosdjriv’ EJaasUg ajoas^oire^rf, assnatdd ea 

jdoaJ J rd , s , ’o_esfldj^sd. 

a. idsdb tfoaigrtv’o b. HjoaJ J riv'o 

c, 3 jo?rO(dcd E^^tfasesdariv' alos^rlv’o d, rioffra^dcd aj^dUtfckriv 1 ctfosd^ri'tfo 

8, A sdd^o, B ^dcdo rtrariviDf'iirf, A X B o3x> 4 rtwciodrttfcvJ^ 3 ?l©o£>e? iDifocdd 


a. n(A)=2 , n(B)-2 

c. n(A)=l , n(B)=3 


b n(A)=10 , n(B)=0 
d. n(A)=30 , n(B)=-5 
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9 A ! 1 . 2 . 51 . 1! !'a; a«AXB («»<, «mw so mUeirntw *Mtt» 

„„ t , _j n fij e> 


;i K h A 


d, 5 


10 dC V o.i'V Ill "Jv'sfc. wfSodj tftfoiMSBrf? 

v n " 

a *4'••'--■■ *•'••• 5rv'; b. tfvtedcddsjQtiri'tfj 

c sditfftL'Kir'rf' J, fcsoatj ddriv’o 

11 A J1.2,M!.H }3,4,^.6} «?dd An B d zSzJ aciOj? 

a i.M! I* !1.2..?} c. {1,2,3,4,5,6} d. {3,4,5,61 

12 c'' r d>. \ d •<• v tfosjoddodb d5rfd?tfcrer?d. dtfodd_ 

a $ cdv &«frfr*a#33ttrf. 
b <}> ?1C_ ofcvdjrtt ‘■sj&rt&d-.'.sfrQV'. 
c <*> oi%: rtcad eniSjrfreiroAd. 

d ^ oSj: fc/ySol/sodu rfcad (Ddrs^ misdrirasroAd. 

13 3a • b 2a cscrsrl oired douodig) dQ gd ? 

a 5a • b h 5a * - b c. a<-b d, a<b 

14 (doaJjrtv'w epyirrasraddc^ &tf ;j cQjtfoi$£iv j &&odrf ifrsndwsdi^ - 

a d±gw dodjrt^od ^Ade>D,dod w, b. H?J3cd 4 a±)od ep'srt^u'serto^Qu 
c, x-cOood eptria&raertos^Qe^ d, ut^idou tfosrfgo&jod ^rsAdOjdje^ao^ 


15 (2x-3) 2 cv^ Q^Ohaarl cdcrod dd doagdCeaewagd) Sod afjadsoM. 
a -4 b, -12 c 9 

16, -ds ^^Atds^rlv 1 ^ Qjddjae^odsiJj riid3vSR)Q. 

b. 6 cx-y + 2 


a, x 2 +l 


d, 7pq 
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17 QEjjrtc^ t&gjtt&GSxj _ 

a P' 11 7P‘*' 4P ' b pVp+7 


c ., fl d. p 1J ’q + 8p w +1 

V> 

!8 3p t 3q 3 ( ) *#s addenda ^ j^nad 

r'Ocod 3S;ot!)0. 

t « 

a p ^ q b pq c p - q d. p v q 

19 25a* I [5a 1] [.] 

a 5a 1 b 20a c 6a d 5a+ 1 


20 x 2v, v 2z, z • 2x <h Oe^JBe^rte’ 1 sJo33*tf A x + y + z uasbdd eOeeJjatfatoc&j 
tftfcrurt trootevtosi sjjaa^sJ_esAdo^d. 

a - f 2x * 2y ? 2z) b-(x+y+z) c. 0 d. z 


21 ( a * b t c) : 'zjdd S)7knidf5SjS^ 

a a 2 ■>• b* •» c 2 f- ab + be + ca 
c, a 2 f b 2 -i c 2 + 2abc 

22 a 1 - b 1 ___wAd. 

a. Ca h) (a 2 • ab • b 2 ) 
c. a 1 i b' i 3ab (a i b) 

23. 3x 3 + 3x 3 ^dd ato^ djsd 
a. 0 b.-1 c. 1 

24 £?Qtfo£>cd d^doeei &£ j 


b. a 2 7- b 2 + c 2 + 2ab + 2bc + 2ca 
d. a 2 + b 2 + c 2 

b (a + b) (a 2 - ab + b 2 ) 


d. a 3 -b 3 -3ab (a-b) 

d, 3x 3 

3?iiodx)d sx/aajj 

c 2IT r 2 


a. n r 1 


b. 211 rl 


d, 4 n r 2 
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25 233, (a) siC PC.) li BC' wAri 



(b) 


■^3 E3afc!)KJ asriffVrl ^ja^doEf cdjssd a/sdcracd rocrao^^ z*j , &&jQ i g? ? 

a SSX (iJU5^o-23D«^-2Jcia^j) b. RHS (oozo-^raF-treak) 

c HAH (waafo-tfasesi-aJcjaio) d SAA (ejcjak-tfaseKt-tfasesd) 


27. cJa! (b) c*e5 A ABC idoaJo A DEF ritfo 

w* v ' r*> -* 


^ep’ofcJrisTcAES. 


a. ?jci.:du?j£j a^oesritfo 
c. Pj£3ojjt)a3D ^sp'o'Mri^o 


b. KJidFtfido ^zp’otsritfo 
d. ajsdcrscd ^zp’o^rtw’o 


28 £3a! (c ) zde!) deairl^o-sjBftsd. 

*s ^ y n 

◄—-► 

* 4 —-► 

t§3^(C ) 

a OOUOTnEd b - HJ«dJc)0^d£3c)nE? 

c. h?o^?je 5 (GtfjEraftEJ) d. e,Je£>?JcJ 






25<) 


2 l > 


S ft 

C ? r ¥'H - 


h (SOjQ&^cd 

cf ^^e^CTcfig^rfjae^d 


30 rt "*Vc^ ^f-V - 2-^ ■* s*y ',/Aoiv.fcj scr^g __ ^r\d, 


a II : 


II r 


c i n r 1 h 
3 


d. - B h 
3 


31 wr'r: ud&ad tiOoSjsft sfcoeJ enfsto. isiatori ®efo 

Z*5 

* o «&, r p* 4 * i 


a 




'* -? <■; ^- I -j>~-^ 

•f'r. ea» t /r^ ,* „«** v^a v W 1 


c. d & .m.oaJdaDorfrioi 


32 v •*'.-<•! , .. .. si, 

a I h .1 c 3 


d. 4 


33 •dd-dd .v .*•'•*' v> *r (JraJrt^s^ rlodd^Q? 

<-^ 

b.<-> 

d * ^ > 

34 dK\,ffd V'*<00^ ^iiOlWEi tiJati,i$- 

a H h b * i H h c P h cl 2 B + P h 

35 Y 4\ rk xScftfcfttiSociX) &Sj2oS>d)*J rioteddor - 

a is Rftfvfdfsioix: x tsgsdiv^ 4 EiiDcrftdtf 
b w dO% / d?sSodc y es tfsdxfrj 4 s&redrfe5 tfaoiw^rf. 
c e? ^cVdf&Jo&o x -4 tiJdddQ irfeodu^d. 

d w rticftfdfftJadoo EJbasajeDocdjScde^ msoda^ d^xrio^d. 

36 Y x ■+ 3 «fe ro^idtf, oirosd » *dtfd?e3ofc dotd 

VSd5^f©0 ? 



a (3,6) 


b. (0,-3) c. (1,4) d. (-3, 0) 






esdd aRj^rars^ 


37 i.c'rr H * t T ? -h * a 
a *?J~- ■•'* k' d 


r * *>”’ H **i **; 

r 


h ^drd^rto^do 
d % cdsssj-iizfrclo 


38 4**^ 1 if I '-'* •'Vi ■w, ay aids' iodate ^jBeariv 1 ^ ds 3Vrf SedOTftrf 

KtZr'yf'** -v’ 37 


a ABD, EH) W3-v EK’D, BHK 
h ABU. H D w AE ; B, (’DC 
c AHD, H inA’sH-HABE'F 
d E FD l«*n * 5 ' <” ABE). BEEF 


3‘) v.,‘j’d« *5•»*„,* r*c$:ii ^cs?f Jo&odd 



'i- •*' *" " r 1 ""tir 

a *dV».rf b r*r«ro c, doB’o d. keSodo® 


*10 sVAA S,:',7'?.‘rEv + 4; ( £iS:X'&&0 ^owcts^ rfodo kaotoQ. 

A 


A 


H 




A 


c 


B 




dl *jc «f (c) r?<t? AX a, XB 1 b, AY ~ x, YC y 

<*J %n 

a * b : 3 


mcirj 

a x « y 

x i* v 
y 


h. 


y 

b 



drf, (e) 


42 s^odo ^KrosDdd sJU^rtcd: 64 sp^ 

«n>d£$ (warti/OJ-— 

c, 4 


a, 64 


b. 16 


d. 32 
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43 ija&)e±oso edcdrt^rl tscdo dd tfuad d>_ esftd 

a. F + V = E b. F+V=E - 2 

c. F-V = E + 2 d F + V = E + 2 


44, ^dDodo 6 ^ o;£d«gj (add &,ea,d siddd^d <add X esftdd (add 

rraai^_efftdbahd. 

a n x 2 b 2n X 3 c. rix d 4nx 2 
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48, Z Bod sWartid iDodosJ gcsftd, 

a. (-1,2) b, (1,1) c (1,2) d (-2,1) 

49, tftfrt l^oarMj_esftsT. 



ci rridjdjOco^ dji'Odd b ddosohd 

c ddjBffido ariosriTOfld d ilitoak adosrimfid 

0 v 1 J 1 

50 e^odo ta^ddtf wdd g^O^ojo aysfodtf_ 

a 0ddape3Qdo££)od drid oow 

b. ta^odo^od i^dd oiraijde m1 A M to 

c. StoeSododd^ radd Sdose (ftaed) tfodorttf^ fa&ribsf deai 

d. Bdusetfodod^ osdd uto^^iodb doedd detfd esodods^ atoMd dead 
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APPENDIX - V 

ANSWER SHEET 


sroeicdo aotfrib : 

e9or{ 

aitf. / 

V eJ 


drtF 


Sj £?. 

=i 

FC/OSCfj 

en)3i d 

1 


2 


3 


4 


5 


6 


7 


8 


9 


10 



^A 

^OKfj 

d 

11 


12 


13 


14 


15 


16 


17 


18 


19 


20 



*A 

j^oaJj 

en:^ d 

_n 

21 


22 


23 


24 


25 


26 


27 


28 


29 


30 



Sj zJ, 

j i 

Tdosdj 

crud d 

_o 

31 


32 


33 


34 


35 


36 


37 


38 

. 


r 


40 



^A 

Fdoafg 

enD^d 

-e 

41 


42 


43 


44 


45 


46 


47 


48 


49 


50 
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APPENDIX - VI 

SCORING KEY 
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APPENDIX - VII 

AN ATTITUDE SCALE TOWARDS MATHEMATICS 


: 

Czrt : rtac&/aJc3a 

f? 

~rfr : 

zzz'Joiz zitzlz : 

tiipjn?. ;Sa : 

W 

SrfFeEfjtfrWa: 

n) ac.-Solrtcwa assefsida, Lqo. 

d) stf,3cJja ozk adad^eap-addfcrfa dood soda urfcria s&sJjac^rfrWda 

tfjsnfuufld. wdirt^odtf, ‘cctorartoja’, 'rfxOo ddxd’, ‘otomriusridja Zorfa ’, 
‘iiddjsdro/V, ‘cdjxjdrfzxa <w’. 

ro 

a.) oa&rW 3db. rnjddd) 'cdnrorfo^’ £orid, erodd dS.tfafoO a df^^cdo daaod 
0 df rtadadda oaadQ. Rada. enadd ‘oirororteradrija t^rfo.’ ^ooadd add tftfd 
(21 dd odfd 05330. kerfafae rot aSe«tfrt«rt wdOAO. 

^ uj H m _j 

v) "wod3 dcsJiJcxio dxiod loodc dd o5a riadaddz&rfa. 

CO 



1 

2 . 

3 

4. 

5. 

6 

7 

8 . 

9. 


do. 


dadaafEjradd de^tfrfda 


i?3rf-I: Mathematics Teacher 


rirfdd) 006 doa^rteod iiraadaddood odr^AiSja^dcd ?&od- 
rtridd) tjdijdada^ £d<j?&dod adcdoasftd. 

drf^d) o5da Ad^odod iraadaddood deJdjaccf faaodododrond, 
rtrid aadoiadda eldriacriad^ djs^d^ 0 ^ 00 ^ diJ^rfjov^doaarbdd. 

rMd adafa^ dd^d ridaoja JaaUa, ivtf dradaddood dud ddaerfa ivrS drodaddood 

cSii d rirtld EraoQd.dda, slraodudada, 
u t * 

rirfd^j dtfcda drododa i?<u4 adodrWda 4 t^rUioadadrieod dd fcaojaadodcrond, 
ririd^) d/b3 mu^dartaraarodcdd afaad dradeda addadda^ u^rUoae^. 
tfcarartnted dda^rteda^ aadaddeod dad*, dda^ 

r!rid4 e dda^rt^ dadad addadda^ djaoQdaddood arari^dadapfJa dradadd, 






, f,z. 




f.-i 




Jdrtd ddairttf-d^ aMritsadrddacd urtod ado&d tsoi 


r;-aj r;y,-j. Kv*,*,, is.* ji,tf<Knrf. 


ir ^r 4 ff v# 4 -# *»•* -*r< »•/>*«. iJ , «f* «*.••*, 

i^sww W#b U^vmv wCvVi^S^/{^fc-V'v SvHaV* 

T '"■' U V 


12 rtii4 s& rfid^ t?sS das^riecd feadiddocd ddrtand d^ttprtoi) detf rljaadv swoirortsd rf. 

13 Sdriislfi rttfd taeSisfcEfcpfcto dradrdd. 

^rerf-II: Methods of Teaching Mathematics 
1 rtr*3t d-.rd-'fr.td^ ni^'riv dsns)* dJir^diddOod odjCd orient nsrtodd:. 

lt;d, a $/i*d, nr dg ddoard^rtv* utfiJatorfaddd dvsorf Arid djacddoto urf^abd^atd 
dr: d.d d. 


3 ctiriridd drdrf/W dn^rfodd fodrsdodd^ ifttebdO 

4 dr-widriafri astodddi enidtfdtaritf drjta?( acm^E-ded li/ae^ntddood did 

ddrrrsdBtodKrfcddi. 

5. rirtd ddd: dZ\ if:dt> sidoi-j ijViodre oqicra SjudaoixS d^e$*ddood did^ 

dorsffldisraodrertddu, 

n 

6 riridd^ ucfcd deaiartriaid astafcsid^ djCdrodrt^ dudOi tijzctp&ddooti ara^rdd 
wdAofcFfe #d<?dw.j dccuabfcraAd. 

_s H 

7 rtrii tJjs^rfodfdj tfjEtodrddcraA djscprdddood cJjse^fJofcQ did doraardraocdrarddcd. 

8 rtrJddO^ lodges actarfridd rtsto^rteb dw^ A^dodod toadoddood rfjse^doiu 
^dVoSsartjdQu, 

cj n 

9, rtrfd ddodd^ ddy dradodd duouii djD?pdt» dsaobArodd. 

10. rtrfdd) dim A aajoiadtf ddddi ^aaaxbddood an^erf* ertytad* djrocbdod dmdoa 
iSfxqjtfoixi dsf/«OTAd. 

zp^ri-IU : Mathematics Textbook 


"l, rtrid afcf 4 #j,*4 wodrof"'^ ara^rrido Uto etfi, d^dadod "id. 

2. drid dd 6 4djd djjdo toed tixoajidG, Vv ^ d ^’ “ eto7ir ^ d 

ditjrtdd^ adrtjsoQd^ uridFrinDAd. 

3. drid dd^d fcJdbri* a*5s>ra% daipod 4a ad 
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. 




rr;>f £d,dw«:j #v!:.t. 4dad ^ddt dra^tf? 3ddd ud,d^ afl^oood rodra #1 
dd.dX/d, 5d yr^.s^ jfv'd.d.'tsad. 

‘ fr sd,d "»d *j?.t, a d^a aain&d&y. 

4 -* J ** «l — 1 **•■* 


^ sf *** *f 


6 rt'is ce f d,X#c; ytsrtrfjf d^3fc disrcrtrisicj adaforWrf3 4 t-drUoadadetood dt* 

yfssrssind. 

7 drJ5 iCoiX*i3t cidn^Kfcjfc d,-idy d,ud£ sioQJidtusAsb orfsan XdwiFtfroA<y. 

f !«ij ^ -p ij rn 

K dd,d>d??d tf.xtfofc i^rtd* ?rrrtD;5d tfafe-rf^rfd tirt acXjrfdOod irijioJjsea ara^Foka d»od 

■■std stfrariv'd: Senate!sand. 

"t f, *4 

6 w &^t*2u£lC^ delayed dd/tecd acra^rd^rt rtrfd ado±>d uri A dd^ 

d.vd^r; sjfiat* alts X;d£ xiaao&siraoataAd. 

«* 4 M »"• 

I (I rtWd dd,dX/d dxdjra#, uVXticd Ejtfrtdj e± ups fid. 

II to#5& vcrtdC, Add asfoijti d«d s^tidddjdfJ^ S^duadcran* udsa/i ^dj did 
XdasirtfasA^. 

12 *^4^*4 aro^rriCrt drorisd dasfe ddj^ri*^ aa?bd aqrorid^ aerisa 

Jj3no£dSBAc3. 


13, dclj^i^si acra^Frtert aujadatorbdod dcJabd^ sojsoad. 

14 X^dXXd; a3i3 ri uod^dd^ i^rUoaod trodra an^arAd Adsd titoa/arSen ad^sssAd. 

I S rtt^d cW.djdtfdj oaA riod^Ad djt^A U^/Idd^ EudAjscQcbddDod dd^ wddrdsjand. 

s^rad-IV : Mathematics Syllabus 

1 rirf^ dd^rfrid adds X/di3o*o ^rfrac&Ad&od tfjsacd wdd^mnd. 

2. rlrid adatod) dcsraAridd djdacaftri^ wA addaaA >s<?j6ddood aoa^rrt^ rfsdd Xtfaiadda. 
3 Arid adoi> X.raUai» Xodd^* &%o<S Ud/W;^ v^Av n wdsa/. ^=b aro^rAd AdaX 
AtfatodS, ad^sroAd, 

4. Arid adodod tt««Arid r *»i(Arid adabA^ d^oodiddood ^rrtd »o« *3^ utJ, 
^<?d«3 XroobitoAd. 

5. Arid adabsA naj^Ad uA^ sedoddOod dii orfsiFifraAd. 

6. Arid adc&d) wadF*acd wrad isdyWX3 4 tdrUoau. 

7, ' Arid adoisd) ddd uvcntidtiMfy ^tia oaod radra ^ds jjd^df^roAO. 
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O' 7io. ! 

J 


3oc«?£rWo 


K rfr^? ?'Ji!"i ririsi 3wd ado&rt^Fi^ tu'JrliaoQtyd sadra (Dna^frte 1 rfdd 

i’c&*,rX'.:, X-d'.-srnd, 


') Add dd'A £jwi,£jirriV diarfM riiafoda aJiJiiti^o^do^ .ddodddD, dj^oao. 

10 fci'i wSi.Zt,drr!<d tsc4 ziodjAV S'fodui iEiaoaadtfajaAd. 

11 r.rta wdoldi ti?dd??, riQd^rtidoci Sdcckd;*, t^rUjo&ti. 

12 ri:i& LdniiA wra.drrt^ri d.draosj taaddA dddoo tfsaoidsiaAd, 

& S r tf' *4 w 

13 rir-la' iislafcsi doa.arrfcrf rjsjdsjadosid erod ddak, ddodOD ricdoidsaiaAd. 

r* -i < 

14 rKd ddoi:^ oJdsft yaft zbd^ri'Jod tbaaduddDod dcaa^Ertorf TU>odo erootodraa tsdd 
«d4 ~tz*. fddtv* jjd'jsahd. 


2^rar<-V : Evaluation in Mathematics 


1 rfridd® d^t^drodddiv^ i~oci> Wd^od s±oAd rfoald dra^E-rtert t? un^ccb^ doiooQAid 
3*jd, dd^rt^ dQA^jscdj ud£» 5«doddd sixoorf tsdb okri^oftarfeddo. 

2. rWsfd dPeJjdwddrfj adorfoi)?^ dd^ uVdoddeod tsd: afd^ Pgiddrtfaarbdcb. 

3 riridd d^o^dddO dcro^Frter? dearth, wo^rtrfd dearadrfdtf douo^Ad ddD^rtdd^ dadtio 
d^^jddd diDOTodd d^^dndd^j dd^ ddootaddadsdcd, 

4, dna^erWa ^od^ocd dddd dd^dVd^ dQRrfjaock ucfoddood RaDdoad erodd 
d-rtdokd dfio^drodd^) a^ajarkdcb, 

5. rlrfd ri^Ojdredrf tfedo ma/d^Atf ddoddda^ djaoOdaddOod ijoa^rdd od^odd^ 
dAodadod dracto dsjfonaAd. 

6 rirJd d^o^djaddd) ara^ETW© t3o4 rioa^rW sa^ds^ dtfxbd® c&d^ccbaAd. 

7, sdRe^draddd ^dioddd^ wo4 dodjriV d^rWd^ dd^ S;<d>ddeod ■Rna^rrW rldsri 

rfsJotod® as^sand. 

8 rlrfd d^drasdriOod acra^FrtOrf ^ acdrfd® dii/W fcoafc ^akea tJkso ktoftd. 

9 rtrfd dJ^diaddOod acra^ETl'Cri d fi dEEao^ tsaddd^ dtfsfcd© rfaraaforfsaArf. 

10 rfrfd dPo^droddd® aJuaA rioa^ri* 830 * ^ddood doa^rdv*® rtjaodo d^a 
tidQtioo ia^ejFnAd. 

11, ri^s! dPo^dddc^ tjodc daadoda ieitosWood u?i i Wrttt 

a^osrond. 
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5 

6 , 


rfr?* Zjra^FrW e^jioJs^ id«?^do^ djtyto ^ oc i 0ori 


aSi^ 'll i^TT X ri tZ u w &JWIJMJ.5& sJjofciAsa d. 

fj v v ’■' “ -* 


tpart-VI: Mathematics as a Subject 


MJ ‘sz:,z:'Xlj Lc^rrWi^ tsteifcio £d 30 &d rtcfcid 


^HTT "As U^SIrlrtlbi 


rirf 3 ^Oi^dj W 3 $?Tte &b h ^Aiifoorii =»* 


9 

10 . 


•MV-WM l^iwWkv. 

u5B 4 )t^ ic^frtDi iPotioJarewB rai^Frt^ tW*» ^onrei. 
ri-i S^JMSJ as^rito eB> t Octef *WJ* 4 jirt.doJjT.erl jtata^oJ rtrftt 

UK* a^jfcSJ wa^nW)mad ntsisJfl ^dmtarfto/. *»*=«=. 

rtrii ara it~Ti it® 4 ?oWi rtrtS iidofocd aipartrW*. roto tM t3aJ ,lo “ , ' a ' i! i 
yodotoft ifoiodoi dx&dcb. 

y^obdii arayjifrW fys* dd/dcb Sea ^ 

tJjwrldri^ rjdWjdos! jtooijdJDdjdcd, 

AH **** *V "*• “ rtK " '*"" 

ACafodai! drac&dcd, 

At* B^oirtiJ uxp rt* « rarto “i* iW * iW “ **“ ° ,(t ’“ ni1, 

rtri J wy** avrw - «*<■ ** ^ *“’* 

jjiEJob draris)) d^wssand, ___ 
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ANSWER SHEET 


: 

sOorO rfoc&j/LSjCoO^ 

1 z5:?£czj i cdraroriejarfrfja 
i -Jscd 1 



ap^rf-I : Mathematics Teacher 


1 I 


I 1 
f ] 
l i 

□ 

□ 

n 

□ 

□ 

□ 


1 ! 
n 
□ 


□ 

□ 

□ 

□ 

□ 


n 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


Vsri- 


rr 

n 

ci 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


II • Methods of Teaching Mathematics 

-□ 

□ 


nr 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


nr 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


□ 

□ 

□ 

□ 

□ 

□ 

□ 
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^rf-in : Mathematics Textbook 


TT 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


nr - 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


IT 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


nr 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


nr 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


nr 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 
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